METEOROLdHSieAL' 

'h No >, 





'oVl 

OK , ^ 

m /n -6 

vOFESSOR OP MATHEMATICS AND NATURAL PHrJOSOPKV, 
AT THE NEW COLtECE, MANCHESTER, 


ST aVODDAM PRODIRE TENtJS> S€ KON OATCR ULTRA. 

flORACB, 


ULonUon; 

Ffintcd for T* OSTELL^ ISfo. 3]> Avc^itisinji^liinc* 


FAICB Five SHtLLTNOS^ 




PREFACE. 


W HEN I firft adopted tbe refolution to 
offer the public, m this manner, the 
refult of my meteorological obfervations, which 
was about twelve months ago, my principal de- 
fign was, to explain the nature of the differetit 
inftruments ufed m meteorology, particularly the 
barometer and thermometer. As the number 
of thefe IS increafing daily, many of them mufl 
fall into hands that are much unacquainted with 
their principles, and may therefore not profit by 
them m fo great a degree as otherwife , for 
which reafoq, a fliort and clear explanation, with 
a fenes of obfervations ferving fuither to illu- 
ftrate and exemplify the principles, and a few 
praftical rules for judging of the weather, de- 
duced from experience, feemed to me to promife 
utility; whiUl the oblervarions themfelves would 
be an addition to the flock already before the 
public, and might perhaps be found fubfervient 
to the improvement of the fcience. 

Soon after this, having difcovered the relation 
of the aurora borealis to magnetilm, in the man- 
ner defcnbed m the mtroduftion to that eflky, 
a 2 1 found. 


ir preface. 

I found, that in order to eftablifli the difeovery^ 
a pretty large dilTertation would be required, 
which muft, of courfe, be addrcHed mure pecu- 
liarly to philofophcrs ; this neceffarily enlarged 
the work, and became a primary confidcration, 
though the original dcfign was ftill kept in view; 
I concluded afterwards, that the work fhould 
confift of two parts, the firft of which was to 
contain the fubftance of the original dtfign, 
namely, a brief explanation of the nature of the 
inftruments, and a digeft of all the obfervations 
I had made, as matters of faO; ; the fecond was 
to contain the effay or difl'ertation on the aurora 
borealis^ together with fhort theoretic remarks 
on the different phenomena of meteorology, 
which I intended to feledt chiefly from the befl; 
accounts 1 could procure ; however, not having 
by me all the books 1 could have defned, 1 was 
neceffarily, and perhaps luckily, forced to con- 
template a good deal on the different fubjeds, 
and to try fuch experiments as were within my 
reach. The refuit was, that feveral things oc- 
curred to me which were new, at leak to inyfelf, 
and which throw light on the different branches 
of natural phiioCophy, and of meteorology in 
particular. Thefe I have thrown into the form 
of Effays, in which are alfo given, fuch ufeful 
difeoveries and obfervations of others' as feenied 
neceffary to be known, in order to form a proper 
idea of the prefent ftate of the fcience, and of the 
improvements that are yet to be made in it. 

In 
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In the ftrH: part 1 have given not only the 
«bfervations made at Kendal by myfelf, but alfo, 
with his leave, thofe made at Kefwick by Mr. 
Crofthwatte, keeper of the muftum at that place, 
together with obfervations on the barometer and 
rain, made at London, for three years, taken 
from the Philoiophical Tranfaftions. The refults 
of the feveral obfervations I have arranged and 
digefted to the beft of my judgment. The ob- 
fervations on the height of the clouds, and on 
the aurora boreahs, particulaily the fupplemental 
ones, are new, and, I fuppoie, in fome refpe£i:s, 
original, having never feen any oilier of a fimilar 
nature pubhlhed. 

In the fecond pait, the fiifl elTay, though it 
contains little or nothing new, will be found a 
proper introduftion to the fuufequent ones. 

The fedond effay, containing the theory of the 
trade-winds, was, as 1 conceived when it was 
printed off, original , but I find fince, that they 
aie explained on the veiy fame principles, and 
in the fame manner, m thk, Plaiofophical Tran- 
for 1735, by Geo>ge Hadley, ifq. F R. S. — See 
Martyn's Abiidguicnt, Vol. 8, part 1, page 500. 

The third eflay, on the variation of the ba- 
rometer, I Ihould fuppofe will be confidered as 
having foine merit , it is new to myfelf, but as I 
am not well read in the modern produdions on 

the’ 
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ieftions ; this will no doubt attraft the attention 
of philofopliers The reader will peiceive all 
along, that I have fpoken of the difcovery therein 
contained as an original one , when I wrote the 
note at page 158, I had not feen the Abridgment 
of the Philofophical Tranfadions of the Roya! 
Society , but I find from it that the learned and 
ingenious Dr. Halley formed an hypothefis to 
account for the aurora borealis by magnetifm j 
in the Abridgment by “Jones, Vol. 4, part 2, wc 
find, that the Dodlor, after enumerating parti- 
culars of feveral appearances, conjectures that 
they are occafioned by the earth’s magnetifm; 
and he endeavours to illuftrate the h)pothefis 
by placing a terella, or fpheiical magnet, with 
one of its poles upon an horizontal plane ftrewed 
with fteel filings, which being done, the filings 
■form various ftraighi lined and curvilinear figures, 
according as they ar^ fituate neai to or diftant 
from the magnetic )pole ; thefe he thinks are 
analogous to the beams of the aurora borealis. 
The li^hi of the aurora he is pretty much at a 
lofs to account for, as eleftncity was then but 

imperfeClly known. - If thefe hints of his had 

been purfued by others, the faft would undoubt- 
edly before this have been eftablilhed, that the 
beams of the aurora borealis are governed by the 
earth* s magnetifm; but inftead of this, philo- 
fophers have amufed themfelves and others 
with forming various other theories to account 
for the phenomena, moft of which arc extrava- 
gant, 
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leftions ; this will no doubt attraa the attention 
of philofophers. The reader will perceive all 
along, that 1 have fpoken of the difeovery therein 
contained as an original one ; wlien I wrote the 
note at page 158 , 1 had not feen the Abridgment 
of the Philofophicai Tranfaftions of the Royal 
Society ; but I find from it that the learned and 
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The light of the aurora he is pretty much at a 
lofs to account for, us eleftricity was then but 

imperfedlly known. If thefe hints of hi.s had 

been purfued by others, the fadf would undoubt- 
edly before this have been eflablifhed, that the 
beam of the aurora borealis are governed by the 
earth’s magnetijm ; but inftead of this, philo- 
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with forming various other theories to account 
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gant, not to fay ridiculous, M. Mairan'% xodiacaf 
light not excepted. Notwithftanding what 
learned D:>£tor has fuggefied, I prefume it wiU 
be allowed, that the above mentioned faft ha® 
not nitherto been afeertained, unlcfs it be done: 
in the following work. 

Whiin: I am blaming others for framing fan- 
ciful theories, perhaps the cenfure may be re- 
torted upon myfclf. — The fourth fedtion of the 
efiay in queftion, entitled the ‘ theory of the 
tiurora borealis^' will perhaps be regarded by 
many as wild and chimerical; but the faiis 
which I have endeavoured to afeertain, refpeft- 
mg the aurora, will excufe me for a momentary 
indulgence of the ideas of a vifionary theorift, if 
they be confidcred as fuch. 

The appendix contains the refult of barome- 
trical and other obfervations to determine the 
height of Kendal v(\ A Kefwick above the fea, 
more exactly than is Hated in the preliminary 
remarks to the obfervations on the barometer y 
alfo, an account of the heights of fome moun- 
tains in the neighbourhood of Kefwick; it con- 
cludes with a further illuftration of the doctrine 
of vapour, and an explanation of fome fadls re- 
lating thereto, particularly thofe obferved in 
working the air-pump. 

It will be fufficiently evident that I have not 
had a fupetabundant affiftance from books, in 

providing 
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able that the hsfl-ory of the prosTrefs of natural 

phliofophv could tuniilli Di Balky pubidhed 

m the Philoiopuic il Traiiiadiont., a rheoty of 
the tiade-wiiu!-', which was quite inadequate 
and immechaiHcal, as will be Ihtw'n, and yet 
the fame has been ahnoli uiiivtijaliv adopted' 
at lead I could name !c''cial inodcin piodudions 
of gieat rcpuie in winch it n, foenu!, and do net 
knovv one that rontuins any other. The 
fame gtntie.nan pnlsliditd, through the fame 
channel, his thotights on the cauft of the aurora 
boreaB, as nicntioncil above, which niuft then 
have appeared the moft rational of any that 
could be fuggefttd, and yet I do not find that 
any body has aftcrwaids noticed it, except Ama. 
nuenfts (fee page 150) On the other hand, 
G. Hadley, Efq. publifhcd in a fubrequent volume 
of the faid Traniaftions, a rational and latisfac- 
to!> explanation of the tiade-wtnds , but where 
elfe lhall we find it ^ 
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METEOROLOGICAL 


OBSERVATIONS AND ESSAYS. 


PART FIRST, 
OBSERVydTTONS. 


SECTION FIRST, 

Of the Baroinetir. 

‘T~^ITE barometei, or common weather-j:>lai^'. 

~i- confiRs of a ftraight tube, above •; i 
iiichcb long, and open at oi'<“ tnd. that lias b< < e 
filled with quickfilvd, and atidwauio invtit.d 
into a bafon of the lame fluid, bv a iiiImu"' a 
fingci to the open end, fo as to ext lade all 
from entering the tube , in tins cafe, lUe lingci 
being withdrawn, and the tube eiteicd, tiie 
qmckfilver leaves the top of it, and hiikb lo a 
"o ftand at the height of about 29 01 30 hicIhs 

B aiiC'Vi 
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above die furface of that in the bafon ; it is then 
applied to a frame, with a fcale graduated fo as 
to mark at all times the height of the column, 
in inches and tenths, The inftrument thus 
completed is called a barometer.— It is ufuai 
now to blow a pretty capacious bulb at the open 
end of the tube, and then bend the tube a little 
above the bulb, fo that the bulb may Hand up- 
right, leaving a little orifice in it to admit tne 
quickfilver } then the tube being filled as before, 
upon being inverted, the column of quickfilver 
in the tube Hands at the height of n) or 30 
inches above the furface of that in the bulb, as 
in the former cafe. ■ 

The reafon of the fad may be explained thus: 
every body that fupports another, bears all its 
weight ; therefore when the furface of any noti- 
elaftic fluid is expofed to the air, it bears the 
weight of a column of air whofe bafe is equal to 
the faid furface, and its height that of the at- 
mofphere, fuppofed to be 40 or 50 miles; now 
.though air be a very light fubllance, being in its 
ufuai Hate, at the earth’s furface, about -fikth 
part of the weight of an equal quantity of water, 
yet fo prodigious a column of it as that above 
mentioned, has a very confiderable weight ; 
moreover, it is a fundamental principle in hy- 
dro.fl:atics, that the prelTure upon the furface of 
a fluid inuft be the fame on each part, or the 
fluid will not reft till that is, the cafe; if, there- 
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fore, fhe prelTure be removed from any place of 
the I'lirlace, either wholly or in part, the fluid 
will yield in that place, and afcend till the weight 
of the column of fluid above the furface, toge- 
ther with the prelfure upon the column, if any, 
are equal to the general preflure upon the-fluid 
in every other part. — In the cafe of the barome- 
ter, there is a vacuum at the top of the column, 
and confequently no preflure upon its furface, fo 
that the weight of the column alone balances the 
preflure of the atmofphere without, upon the 
furface of the fluid in the bafon. This equili- 
brium, between the mercurial column and co- 
lumn of air, is very clearly illullrated alid con- 
firmed by means of the air-pump ; for, when a 
barometer is inclofed in a teceiver, as the air isi 
exhaufted, and its prelTure of confequence de- 
Cfeafed, the mercurial column defeends propor- 
tionally. It appears then, that the weight of the 
air fupports the mercury in the barometer, and 
that the weight of the mercurial column is equal 
to the weight of a like column of air extending 

to the top of the atmofphere.- -When the 

tube is bent at the bottom, and turned up, the 
fame reafoning, joined to the principle that fluids 
in bent tubes always rife to the fame height in 
each leg, when they are both open to the atmof- 
phere, will explain the faft in this cafe. 

From thefe confidcrations, the weight of the 
whole atmofphere may be readily found,; for, it 

B 2 is 
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IS equal to the weight of a quantity ol t;iiu k 
fiher fufHcient to cover the whole iuitai .. of the 
globe to the height of 30 inches neai ly 

The great weight and preffure abo\e afc^ibed 
to the atinofphere, and then efetls, <'re afiented 
to by pbilolopheis of the preient age, w.thout 
fcruple , but people not imicli vcifant I’l jHiilo- 
fophical enqunies admit them with rtluuauce; 
they apprehend, that if bodies were prelkd 'cufli 
the force above mentioned, which rtinounts to 
about i5lbs. avoirdupoife upon Cdch Iquaie inch 
of furface, the effeft fhould be obvious , v h^ rcas 
it IS found that bodies of the flightefl texture 
are unhurt by the atmofphere, — and* the gieat 
facility with which bodies are moved in the at- 
mofphere, they conceive as another objcftii n,— 
Perhaps it may be fome help to tbele to obferve, 
that the atmofphere preffes equally upon boctics 
in every direffion, and has therefoie no tenth ncy 
to feparate their parts , and, as for tiie rtfidamc 
which bodies meet with in moving through the 
atmofphere, it is not proportionate to tht pit fate 
of the atmofphere, but to its ckapty, which 
being very little, as has been oblcrvcd above, 
the refiftance is finall. 

The barometer was invented in 1643, by 
Toriicelh, at Florence, in Italy. — The pheno- 
menon foon attrafted the notice of philofophers 
of that age, and the more fo, as it fceined to 

piove 
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pro^ e tbc exiilence of a vacuum, when the opi- 
nion of Its non-exiftence was general, and the 
niaxiai that natwe abhors a vacuum, was alniofl' 
unqueftioned. Had the quickfilvcr ftill conti- 
nued to fill the tube when ereQed, the faef 
would have been accounted for on this imagi- 
nary piaiciplej and have paffed without further 
notice. As it was, however, thofe who ftill ad- 
hered to the maxim were reduced to gieat dif- 
ficulties, and forced to have recourfe to various 
unmeaning fubtilties, to get rid of the vacuum , 
w'hiUl many began to queftion the truth of the 
maxim itfclf. At length it was clearly proved, 
from the mftance in queftion, and from other 
phenomena, that the maxim was contradictory 
to the laws of nature ; the fufpenfion of the mer- 
cury in the barometer was attributed to its true 
caufe, the weight of the air, and the fpace at 
the top of the tube was afcei tamed to be nearly 
a perfect vacuum, or fpace void of matter. This 
difcoveiy, as it led to that of the air pump, and 
othci important ones, is juftly legarded as one 
of the greateft in the laft century. 

Torricelli, the inventer of the barometer, ob- 
ferved, that if it was fuffered to ftand foi a length 
of time, the height of the mercury m the tube 
was perpetually varying, though its whole range 
dtd not exceed a inches at that place , it was 
further noticed, that this variation feemed to 
have fome affinity to the weather, the quiclcfilver 

being 



^ Of the Barometer. 

being genctally low in windy and rainy weather, 
and high m leicne and fettled weathci, whicli 
ciicumftance procured the ndhument the name 
of weather-gl.ifs. This dileovery promifed to 
be of the utmoft importance to mankind, by 
enabling them to forefee thofc changes in the 
atmofpheic, the knowledge of which was io 
interefting to them, and the moll; languine cx- 
pe£l:ations were entertained on the fubje<ft. The 
experience of a century and a half has now been 
obtained, from which the barometer does not 
feem to be that infallible guide that it was once 
expeded to be, though it is certainly a very 
ufeful inftiument in this relpeil, in tlu' hands of 
a judicious and flalful obftrvci. — But of tliiv 
more heireafter, 


SEVERAL ingenious contrivances have been 
ufed, by diffeicnt perfons, to make barometers 
of a more ample range, in order to ofaferve mi- 
nute alteiations of weight in the atmofpherej 
but all thefe are liable to fuch objeftions as ren- 
der the common upright one preferable. 

Thofe who wiffi to make barometrical obfer- 
vations, in order to compare them with others, 
fhould be well alTured of the accuracy of their 
inftruments ; — fuch as incline to make their m- 
ftruments themfelves would do well to attend to 
the following particulars. 


That 
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That the tube be not lei's than one-eighth, of 
an inch diameter within. 

That the quickfilver be ftrained through a 
sloth, or rather through leather. 

That the infide of the tube be perfeftly dry, • 
and the quickfilver dry when put into it. V’ 

If there be any moifture in the tube or quick- 
filver, it expands into an elallic vapour when the 
preffure of the air is removed, and, afeending 
into the ‘vacuum, deprelTes the mercurial columiv 
fometiines to the amount of one-quarter of an. 
inch, or more, below its proper ftation. The 
criterion to difeover moifture is to apply the 
warm hand to the ‘vacuum, and the mercury will 
fink conficjerably ; but it will not be affefled if 
clear of moifture. — Alfo, if upon a gentle agi- 
tation of the barometer in the dark, there appeal 
a light in the vacuum, it is a fign there is little 
or no moifture. If, upon a gentle inclination, 
the quickfilver rife to the top of the tube, and 
completely fill it, leaving no fpeck, it is clear 
of ail. 

The fcale in ftriflnefs ought not to be full 
inches, but fomething lefs, owing to the rifing 
and falling of tfie furface of the refer voir. If the 
tube have a bulb, then the area of the furface at 
tfie top of the column, divided by . the fum of the 

areak' 



g Of the Barometer. 

areas of the top and refervoir, wiil give the par* 
to be deduced; but if the tube be ftraigls’., 
then the whole area of the refervoir, lelTened bv 
the area of the glafs annulus, made by a liGii- 
zontal fedtion of the eredted tube, in u ft be uieti 
as the denominatof of the fradion ; hence, if 
the fradion be then the fcale of 3 incheJ? 
muft be diminiflied by half a tenth. 




PREVIOUS to the detail of obfemtiops, I't will be 
proper to defcrlbe the fltuation of the places of obfervatiaiu 

The latitude of London is 51^ 31' N.*— is £i* 

tuate in lat 54® ij' N. long, 2® 46^ W, There lies an 
CKtenfive range of mountains from it in every dire6lion., ex^^ 
€ept to the fouth. Their height may be from i to 6 or 7 
hundred yards^ $ fome are near, but from the north to the 
eail their diilance is 3, 4, or 5 miles. St. Geor^e^s Chmnd 
bears SW. and the high water at fpring comes up the river 
to within 6 miles of the town, but low water is at a great 
diftance. The town may be 25 yards above the level of 
the fea ,- — Keftokk is fituate in lat. 54^ long. 3^ 3" 

W. ; it is well known to be in the centre of a mountainous 
country, and fome of the high eft mountains in the north of 
England are in its neighbourhood. It is 16 miles from the 
&hanneli and perhaps about 45 yards above its levelf, 

. ' ' Tile 

* is 310 yards above the level of the river J PFhhfel-he^con 

is 5C0 yards above the fame 5 and K^ndal-feil itavix s to a hundred yards. . 

f It may not be amife to remind the young Tyro here, that the higbe?^ 
any place is above' the level of die fea, the lower Will fhe mean ftate' of the,' 
liai'emet’ei' fee at 'that place. 



Of the Barometer. ^ 

The obfervations at Kendal were made by the author, 
three each day, namely, betwixt 6 and 8 o^'clock in 

the morning, at noon, and at 8 or lo in the evening. 

Thoie at Kefwkk were likewife made three times each day, 
the morning and noon obfervations about the fame time as 
at Kendal^ but the evening obfervations v/ere made at 4 or 5 
in the winter, and 6 In the fiimmerj the obferver was Miv 
Crqfthwahe, a gentleman, who, befides his attention to mete- 
orology, has been for feveral years pall: aluduoufly furnifhing 
a mufeum^ for the entertainment of the tourifls, at prefen t 
confining of a great variety of natural and artificial produc- 
tions from every quarter of the globe, folHls, plants, &c. and 
he has alfo made accurate furveya of the lakes. 

The obfervations at London are taken from the Philofo- 
phical Tranladlions of the Royal Society, being thofe made 
there by order of the prefident and council; they are made 
twice a day, namely at 7 A. M. (in December, January, 
and February at 8 A. M.) and at z P. M. 

With refpedl to the barometers at Kendal Kefwkk^ 
they were both clear of air and moiilure, and exhibited the 
cledrtc light in the dark. The fcales were both /«// inches, 
and therefore the variations were fomewhat greater than the 
obfervations denote them.— About -5^ fliould have been al- 
loived upon them. 

In the following account we liave given the mean Rate of 
the barometers, at the relpedlive places, for each month of 
the year, and likewife for the whole year, logetlier with the 
higheft and lowell obfervations each month, and the time 
they took place ; as alfo the diredlion of the wind, and its 
ftrength, at the time : the dircdlion we have ufuaily re- 
ferred to feme one of 8 equidillant points of the conipafs, 
and the ftrength is denoted by the figures o, r, 3, 3, and 
4, refpe&ively, the firft marking a calm, or very gentle- 
breeze^ and the kft a hurricane. 

C 


The 



iv Of the Baroincter, 

The obfervatioos at London are only for 3 year?, bccaiifc 
tlie later ones could pol be procured ; tliofc at Kaulal and 
K^fwich for 5 years, from 1788 to 1792, inclufive. To the 
end of thefc is added the mean monthly Hate of the baro- 
meter, found from the means of the 5 years, as alfo the mean 
upon the extremes, the former of which is corredfed, on ac* 
count of the variations of heat in the diiicrent months, by 
which the qiiickfilver in the barometer is contracted or di- 
lated, though retaining the fame weight. — -We have alfo 
fummed up the fpaces deferibed by the quickhlver each 
month, noted the number of changes from afeent to defeent;, 
and the contrary, and found their amount for the year* 

By the mean Jlafe, applied to obfervations, is to be iinrlcr- 
feood the fum of all the particular obfervations divided by 
their number^ ^ 

The upper part of the following tables, having no abl)rc- 
viations, is fufficiently explicit; and in the under part, 
which contains the clays in the feveral months on which the 
higheft and loweft obfervatioms were taken, and tlie winds at 
thofe times, we have ufed H, for higheil:, L, for ioweft, 
for morning, n, for noon, and nt, for night* 

N* B. Kendal bears N. 30*^ W* from London^ clidanf 
incarly 226 EngliHi miles, mcafurecl on a great circle of the 
earth; ILifwkk bears N. 35"^ W. from Kendal^ diftaiit 2? 
IJngliOi miles, meaCiircd on a ^rcst circle* 



Ohfirvations on the B at omelet \% 

1788. 

LONDON. I KENDA L. KESWICit* 

Mean highert( lovveft 1 Mean higheft loweft Mean higheft ioweft 

|an. 29^30.7 o' 28.B9‘'29.87 30.56i28.38 29.82 30.56l28.-3j 
Feb. 29.68 30 21-28. 651129.47 30.22 28,65 29.42 30.17 28.6t 
Maich29.68 30.08129.321139.5630.09 29.15 29.5130.0729.12 
April 30.07 30.48;29.5O|j29«95:3O.4i 28.971 29,89 30.36 28,92^ 
May 3o.o4 30.34i29.58;i30.o2|3o.4i 29.471 29,9430.32 29.37 
June 29 94!30.28j29.49i!29 94 30.3 i 29,50; 29.S9 30.26 29 46 
July 29^9 q' 30.22 29.731:29.82 30.1229.47129.7630.12 29.40 
Aug. 29.95,30 45!39'22 129 83130.37 29.19; 29.77 30.37 29.14 
Sep. 29.86:30.25j29.37 ;29.74j30.] 6 29.28 29.67I30.09 29.20 
06t. 3o.32:3o.55t29.64| 30.07i30.62j29.50 30.02130.63 29.43 

Nov, 30.1 1I30 50I29 611,29.98130.34129.22 29. 93I3C.32 29.20 

Dec. 29 . 92 , 3 ^ 3 j| 29 jQi 29 . 92 ! 3 Q. 28!2 29 . 90130 . 23129. 50 

Inches 29.96 annual meanl 29.85 annual meaiij 29,79 annual mean 

ZZ_‘ " I ■ 

H 16 11 WNW xlx6n&nt WJj£6n&nt W2 

L 3 n 21 3ji S 2 I 4 m W i 

, H 7 m & n NEi (r.')| 7 n SE o 7 n calm 

L 2 i n SSE x| 2 i n 3 c nt NE 2 (^) 21 nt SE i 

3 n & nt NE I 3 n & nt Wo 

^ ni S E I I m SW o 

9 n calm 90 S 2 

3 n NW 3 3 n W 3 

3 all day NE 2 3 ra & n £2 

9 n SW 3 9n SW 3 

9 all day NE i 9 n & nt NE i 

26nt&27m NWo 27 m NW o 

21 a NWo] 2 I n . W I 

16 m SWil i 6 m SW 1 


Aug. 

2 m N I 

14 m SW 1 

3 m NW x(^) 2 n NW i 

14m W 0 14 m W I . 

Q H 

Sep. L 

12 m ESE I 

2 1 m calm 

11 nt NW 0 n nt NW 0 

29 n W 2 29 n W 2 

T-*' 

Oft- L 

8 m SEbS2(/) 
16 n W 1 

8 n & nt NE 0 8 n & nt E 0 
16 m 8c ri , • SW 0 16 m & n W i 

Nov. 

i ra E i| 

4 ra SW 2) 

' I m -SW oj I m SE o^§) 

3 nt ' SW 2 3 nt SW 3 

W- 2 

^50 ra E 1' 

J411 , . NE 1* 

128 nt N 0 28 nt' NE 0 

131 nt calm 31 nt calm 


(< 2 ) And 12 ra. SW j. (h) And az m. NE 2 . .(<:) And ii n. ENE i . 

And 31 m. SW i. («?) And 3 , 0 . SB. x. ^ And S a. NE 

0, Atd j 6 m* NE o. . . 


Mar. y ” 
D 23 rn 

^i{f 

. HI 5 n' 
June r 

Lj2 7 n 

T , H 2 1 n 

Ny L 


E 2(.) 

N2 

WNW'i" 
W 2 
”""ENE 2 
SW I 
"w il 

s li 

NW i{d) 
SSW I 




1 ® Ohfervations on the Barometer. 


1789. 



'■ LONDON. 

KENDAL. 

K 1 

SWIC, 

K . ; 


Mean 

highefl 

loweft 

Me.in 

liigliell 

lowcfl 

L/an 

it 

luuaU 

Jan. 

29.72 

30-75 

28.58 

29.59 

30-75 

28-12 


30.72 

28.09 

Feb. 

29.70 

3 C >*34 

28.65 

29.52 

30.19 

28,50 

2 9*44 

30.20 

28,4.3 

Marclj 

29.72 

30.13 

28.94 

29.71 

30.12 

28.87 

29.59 

30.13 

28.71 

April 

29*77 

30*18 

29.10 

29.64 

30.09 

28.94 

39.5 

29 98 

28,77 

May 

29.88 

30.27 

29.57 

29.77 

30.19 

29.37 

29.66 

30. 12 

-9 

June 

29.S4 

30-23 

29.40 

29.77 

30.20 

29*25 

29.66 

j 1 

30.12 

29.14 

July 

29.85 

30.09 

29.54 

29.74 

30.00 

29 50 

29 65, 

29.884.9.40 

Ang. 

30.06 

30-33 

29.70 

29 99 

30.33 

29 62 


30.23 

29.40 

Sept. 

29.88 

30*3'! 

■^9-30 

29-75 

30.25; 

29 25 

29.6.4 


29.17 

oa. 

29.52 

30.29 

29.00 

29.56 

30.3 c, 

28.59 

29 46 

30,, 20 

28 48 

Nov. 

29.70 

30.46! 

28.72 

12960 

30-34! 

28.69; 

29 4:6 

30.27 

28.60 

Dec. 

29 86130.56 

28.88 

; 29,63 

I30.41I 

28.72 

29.48, 

30.32 

FL 37 

Inches 

l?i79 

annua 

1 mean 

29.69 annual mean 

2 9. 5 8 

annua 

u:,„-an 



1 

i 

Jan. 1 

5 n ENE 1 
18 n S 2 

5 lit No 

18 n S3 

5 n 3 c nt l\ C 
It; n SW" 2 


17 m SW I 

25 n SW2 

16 nt calm! 1 6 nt N\V i 

25 n & nt SW 1 1 25 n & n r N E i N2 

L 

3 m NN.E I 
13 n W‘ I 

6 m & n NE i 
13 m 3 c n NE2 1*13 

6 m 3 cu NEi Nj 

13 n Si'- J 

L 

21 m W8W j 
3 m SW I 

9 nt SW 0 

26 n SW 5(6/) 

9 all tiiiy hi 0 

26 in 3 c n Wj (^) 

1 1 nt W I 

1 7 nt S 2 

May? 

19 n W 2 

31 m SW I 

II n 3 c nt SW 0 
17 nt SW 2 

June 

1 5 m & n ENE i 
4ni WSW2(f) 

13 n 3 c nt No 

22 m SW 0 

13 n 3 c nt. S i 
22 in .1'. o( c/) 

July 

1 m W 1 

13 m c 3 ;- n ESE I 

28 3 c 30 nt calm 
17 n Wi 

2 B 3 c 30 nt \V 1 So 
17 n 8 0 

1 7 all day K I". 0 
31 nt c.ilm 

Aug.? 

18 m NN\V il 
l2f n Wl(e); 

17m NE 0 

22 & 31 nt cairn 

Sept. ? 

12 n WNW il 
1-9 n WNv? I 

12 n SW I '1:2 ii NW 1 

1911 N 0,19 nt NWo 

oa. H 

27 n NNW £| 
6 or". ' W 2: 

27 nt NE 1 

I n SW 3 

27 nt N i(/) 

I tn 8 2 

Nov. 

2f m ' W i 

7 m N I 

27 ail day N o 

6 n 3 c nt NE 2 

27 all day N W 0 
6 nt N 3 

Tv H 

Dec. 

9 m & n W 1 
15 m ,W 2 

9 all day SW 0 
15 n W 1 

9 nt W I 

i 5 n ■ SW 2 


(//) And 27 m* SE i* . {h) And 27 m. SE 0. {c) And 4 n. al'fo at fi, 

^(^0 And 4 m&n. W i. (<r) And aa m* aUb 31 m & n* SSE u 
(/) AndaS m. NW Ov 




Ohfervailons on the Barometer. 




1790. 


Jan. 

Feb. 

March 
[April 
*May 
Ifune ' 

July 

.yig. 

Sept. 

'oa. 

Nov. 

Dec. 


rnches|29.9S annual mean '29.87 annual mean' 


LONDON. 


Mean 

30.07 

30-25 

30.26 

29.86 

29.90 

30.03' 

29 - 84 ! 

29,97 

30,00! 

29.89 

29.8 


highefl 

30.47 

30.62 

30*^5 

30.30 

30,14 

30-35 

30.20 

30.16 

33 42 

30.40 

30.40 


loweft 


29.27 

29.80 

9 83 
29-38 

29.50 
29.49 
29.29 
29.64I 
29.3 c 
29.62 
29.02 


Kl-NDx\L. 


Mean 


29,91 
30.06I 
30.18 
29.85 
29.85 
29,891 
29.72 
29.81 
29.87' 
,29,801 
29 75 


29.88I30.38I28.801I29. 70130.34 28,84 


highellj ioweil 
30. 3 41 2 8. 65 


3041 

30-59; 

30.2S 

30.28 

30.35 

30-091 

30-03 


29.47 

29.57 

29.28 

29.25 

^931 

29-34 

29.47 


30.34i29.25': 

30.28129,22 

30.34128,97 


KESWICK. 

j'v'lc.'.n j iowcO 

29 .S 9 | 30 , 36 ' 28.64 
30. 02:30. 4,1(29. 40 

30.15i30.59i29.48 

30 -28,29,19 


29.81 

29.82 
29,87 
29.68 
29,77 
29.84I 


10.-28: 


29.19 


29.22 

29.28 

29.42 


30.28: 

30- i 5' 

30.05 

3034129.141 
2 >> 75 ' 33 - 2 M 9 -»> 

29.70130.28 28.90 
29.67:30.3 1 !2 8. 74 
29 83 annual mean; 


Ijan. 

I Feb, 

Mar. 


H 

__L 

iJ 

H 

L 


Apr. I 


|May ^ 


It H 
IJune 


7 I' 
28 0 
4 n 
126 a 
16 rn 
24 m 


WNW i 
SW 2 

_ SW 2 

nnp: I 

E I 


7 n & ut 
28 nt 


4 a <Sc at 
1 26 a 


calm 

j>v\r 

SW 2:26 m 


1 5 m & n 
10 in 


7 n tvi nt E i , S 0! 
28 at W o 

SW 4 


3 

II m 


N 2 
NE 2 


13 m 
2 ni 


NE i 

SSW 2 


2 ail day WEi(a) 
30 in , 8 2 


|Aug.“ 


O H 
:^^P- L 


oa. 


Nov. 


Dec. 


1 8 m 
[36 m 
26 a 
3 m 
16 n 

23 ,J 

20 m 
i2i m 


NE 0,15 n wSE o 

W 2|iom&aSW4W3 
* " 2 a ' S.E I (//) 
30 in 8 

'i 7 aiuiii 7 Ni': 2 (j) 
2 in NE o 

14111 i5mWoEo 
9 nt cairn 

7n&nr8rNW''i 

_ _ 2C>nu^\*,U‘SW3 Wzj 

WNW f ;i I at Sc 12 in VV oji i alld. NWc.''(/ 7 j 


12 n & nt NE i (t'jj 
2 m SW I 


2 1; mScn WvSW I 14 nt 
9 a SSW 2 9 nt 


ne"oT 7 ) 

S W‘ o 


P ^ Lj 5 a W 1 1 13 a Sc nt W i(^f) 


W 2 


3, 

26 a 

3 


E 1 1 6 a Sc nt 
E i 12 nt 


6 n 


L i8 m 


'"N'l 

SW 2 
NW I 
Wa 


14 m 

.,‘9 

6 a & nt 

15 rn 


SW o 3 lu & a SW 
N o 26 n NW o 
W o 20 nt SW 3 

W o j 1 3 : n t W o S Is ( j 
W ajia n 8 3 

NE i (/:)! 14, 15 all ihxy (/) 
N o\ J 9 all day 8 o E O- 


NE c, 
SW 4 


6 a 
1 5 m 


calm 

WSW 4I 


(a) Aw 3 aU clay E t. (i) And j .all day NW i, (<) Awl i-> m. NK i. 
af) ‘P- W -And ism&n. NEo. (t) Awl 17 m .‘C- a. 

W Andaom&n. .SWa. (/.) Awl la aU day 
NWo. alfo 14 n. & 18 m. SW c. (i) And a6 m. WNW i. 

(M And 13 nt & a; u, N£ i, (/) B x. SE c. 



14 Ohfervations dn the Bardinetet^ 

1791. 


Jan. 

Feb. 

March 

April 

May 

Tune 

Augufl 

Sept. 

Odo. 

Nov, 

Dec. 


KENDAL. 


Mean | higheft | loweft 

28.40 
29.00 
28.88 


29.33 

29.83 

30.06 

29.72 

29.94 

29,89 

29.76 

29,96 

30.04 

29.62 

29.58 

29.51 


30 22 

30*47 

30-59 

30. 13 

30-37 

30.19 

30.32 

30.47 

30.34 

30.47 

30.15 

30.28 


28,97 

29.22 

29,50 

29.22 

29.47 

29,31 

28.56 

28.66 

28,84 


KESWICK. 


Mean 


29.23 

29.77 

30.01 

29,66 

29.90 
29.86 
29.71 

29.91 
30.01 

. 29»55 

29.51 

29.44 


higheix 

30. lY 

30.42 

30-51 

30. 1 1 
30.37 
30.17 

30.19 
30.48 
30 ' 3 i 
30.46 
30 1 1 


lowei’t 


28,31 
28.85 
28,82 
28,9 I 
29,08 
29,40 
29.1 I 
29,29 

29,19 
28.45 
28.56 
28,68 


Inches 

1 29.77 annual mean 

1 29 71 annual mean 


1 




T H 

Jan. L 

24 m 

W 2 

24 m and n 

V/SW 3&4 

20 m 

E 1 

20 m 

E 2 

TT U H 

Feb. L 

4 at 

calm 

4 nt 

calm 

18 ti 

NW I 

18 m 

AV 2 

M.r.» 

Smandn SWi 

, NEo 

8 m and n 

E 1 

20 nt, 21 m 

SW2 

20 nt, 2 1 m 

SW & W 3 

Apr.g 

29 ntj 30 m 

NE I 

29 at, 30 m 

NVV&NEa 

23 m and n 

SW I 

23 m and n 

NW&N I 

May ^ 

28 nt 

NE 0 

28 n 

E f 

19 m 

W3 

19 m 

WSW4 

H 

June 

7 m 

NE 0] 

7 m 

W I 

30 all day 

"SW I 

son and nt SE i,SWo 

T 1 HI 

Ny lI 

15 ra and n 

NEo 

15 nt 

calm 

’ 4 n 

SW 3 

4 m and n 

WSW 3 

a H 
Aug. 

20 m * 

~NE 0 

19 nt, 20 m 

calm 

28 m 

W 1 

28 m 

Wo 

0 ■ H: 

Sep. 

26 m 

NE 0 

26 m 

NE 0 

4 m 

SWo 

4 ni 

SW I 

oa. L 

29 all day 

NE 1 

29 m and n 

NE 2. 

21 m 

SW I 

21 m 

SE 1 

Nov. 2 

26 nt 

S 0 

26 nt 

SW 2 

16 m 

SW I 

16 m 

SW I 

Dec. 2 

17 m and n 

NEo 

■ty n- , , 

NE 0 

13 m and n 

SW 1 

113 m 

WSW 3 







Obfervations on the Barometer. 
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1792. 



KENDAL. 

Keswick. f 


Mean 

higheft 

loweft 

Mean 

higheft 

ioweil 

Tan. 

Feb. 

Mar. 

April 

May 

June 

July 

Align ft 

Sept. 

Ocfto. 

Nov., 

Dec. 

29.60 

29.87 
29.60 
29.80 

29.88 
29.86 
29.80 
29.86 
29.65 

29-73 

29.90 

30-37 

30-47 

30.41 

30.28 

30-34 

30-37 

30.09 

30.22 

30.22 

30-47 

30-37 

1 30.28 ! 

28.87 

29-34 

29.00 

29.16 

29.03 

29-37 

29.47 

29-12 

29.06 

29.09 

29.09 

28.90 

29-53” 

29.82 

29.51 

29-73 

29.82 

29.82 
29.74 
29-81 
29.59 
29. 67 

29.82 
29.62 

30-34’ 

30.43 

30.40 

30.23 

30.28 

30.39 

30.06 

30.22 

30.17 

30-45 

30.31 

30.20 

28,65 

29,25 

28.91 

29.02 : 
28,79 
29.28 

29-37 

29.02 
28.91 , 
28.94 ! 
28.96 

128.71 .i 

Inches 

29.77 annual mean 

29.7 I annual mean 



' 

T H 

Jan. ^ 

5 all day 

16 m 

calm 
SW 0 

1 5 all day 

I15 nt 

calm, 
S 1. 

F.b. n 

16 nt, 17 m 

1 m 

NE 1 
SW I 

17 m and n 

I m 

NE 0 
SW 0 

Mar. H 

12 m and n 

4 n 

NE 1 
SW 0 

12 m 

4 


NE 0 
W 0 






i6 Obfervaticns ott the Baroriieter. 

general observation. 

It will be feen from the above accoinUs, that the baro* 
meter is generally higheil and lowed; about the lame time 
at all the three places; and if the obfervations had been all 
taken at the fame hour, it would have been more genrrally 
the cafe. — Whenever the barometer happens to be at the 
snonthly extreme at one place, and not at anotlier, I Uni! it 
is always near it at the other; the greateft difFerene'es in tin's 
refpetSi feem to take place about the lower extreme, and to 
be occafioned by rain,— thus, when it happens to be excef- 
fiVely heavy rain at one place, and not at another, the baro* 
meter is relatively lowed where the rain falls. 

M^anJIate of the barometer at Kendal and Kcfwick, for tha 
whole f years <} for each particular month of the year } together 
with the means upon the extremes of high and iowy and the 
mean monthly range. 



KENDAL. 

KESWICK. 1 


Mean*| higheftj lowed: jrange 

Menn^j highed 

0 

n 

range] 

January 

2976830.45128.49 

1.96 

29.6230.43 

28«4t 

2.02j 

February 

29 - 77 ^ 3 o- 35 ; 28-99 

1.36 

29.71.30.33 

28.91 

1.42! 

March 

29.84130.36 29.091.271 

29 - 77 | 3 o- 3 + 

29.01 

i-;^ 3 | 

April 

29.79''30.23 29.06 

1.17 

29.72130*19 

28.96 

! .231 

May 

29.88j30.32l29.27 

1.05 

29.82'30.27 

29.13 

i.i4| 

June 

29.85:30.2629.38 

M 

29,8o'30.24 

29.30 

’94j 

July 

29.7430.10:29.40 

.70 

29,68:30.08 29,31 

• 77 ; 

Auguft 

29. 86 30.28 29.37 

.91 

29.80 30.27 29.27 

J, . OOj 

September 

29.80 30.26.29.23 

1.03 

29. 74130.2I 29.12 

L09j 

OClober 

29 - 76 i 3 ° 43 , 28-99 

1.44 

29.69130,40 

28.8vS 

1.52! 

November 

29.78130.3 T28.-23 

1.38 

29.70:30*26.28,85 

1.4 ll 

December 

29 . 72 l 30 - 32 ' 28.97 

1-35 

|29.65!30,25 

28.84 

1.41 j 

Inches 

29.79]30,3ij29.2oli.2i 1 

29.72130.27,129.0011.271 


The 


^ The means m this column are corre£led, on account of the expanficn 
©f the mercury, by heat 5 the correction is made by incrcafmg the helglif 
in the colder months, and ledening it in the warmer months, proportioiially 
to the 'defect or 'cxcefs of temperature, relative to the mean f it never 
exeeedi #03 of an inch. 


t)hfcrvaitcns on the Barometer , ij 

The mtau monthly langc at Loncion^ upon an average of 
the 3 }eais vvL liave given, is, Jan i 73 inche«?, Feb i 33, 
Mdich o 96, Ap'il o 99, May o 70, June 0.83, July o 65, 
Aug D C(.pt I 02, Oa o 99, No\ I 34, Dec 1 36. 
Mean lange i 06 inches^. 


•A Table of the mean /paces defer wed by the aiet cury each movih^ 
dtiunaned by fumming vp the fe^uctnl frail fpiues ifendtd and 
defended f afo the mean nurher oj charges from if cent to de^ 
feent^ and the contiary^ each months tt h’ rg reckoned a charge 
when the /pace defu tied is apwards of Q'^ oj an inch — The 
means ate foi 5 yiais^ at Kendal and Kelwick. 


KLND'\L 



s 

-a -t- 

<n >> 

iS-” ^ 

J.-? g s 
q 1 ^5 E ® 

!Mean number of 

I changes, 

January 

9 97 

23 

Ftbruaiy 

7 57 

21 

Martii 

6 64 

19 

A pul 

6.06 

17 

May 

547 

*9 

June 

3 89 

16 

July 

498 

21 

Align ft 

43^ 

18 

September 

5 87 

19 

Octobci 

6,30 

18 

November 

7.<?(5 

18 

Dcccmbei 

10 08 

22 

Atin.fpace 

78 5; 1 

! ~3 * 


i) 


Ki SWICK. 


Mean fpaces de-i 
fcribecl b) thej 
mercurj, uii 
inches. | 

->S — 

s S 

.D <« 

s 

§ teh 

10. 1 5 

20 

7.90 

20 

7-30 

21 

6 15 

20 

5.65 

19 

425 

16 

5 20 

22 

4-93 

19 

6 59 

20 

6 24 

20 

7 69 

20 

9.95 


82 00 

< “+L. 


SECTJON 
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SECTION SECOND. 

Of t])c T^hirh'o'iitter. 

^"^HE next important mf^'ni'Pcnt in rueceor- 
i olo^'V 1'^ in- tliLi ii'oi'ictei • by which the 
tenipeiatasi !, oi dcp.vi. ul iu.at, of the an and 
oth;r bodies, is cittcrmiaxl An mftuiment 
under th ^ cha.aacr uab 'pvented prior to the 
baromttei, but ncvoi btoup,iit to a tollable de- 
giee of pertetfion till the piefent century. 

Philolopheis are geneially perluaded, that the 
fenfanons ot hral and cold me occafioned by the 
prcfence or abfvncc, in dcgice, ot a certain prin- 
ciple or quality deiionimattd fre, or heat, — thus, 
when any fubflancc tetls cold, it is concluded 
the principle of heat is not fo abundant m that 
fubftance as in the hand , and if it feel hot, then 
more abundant It is moll ptobable, that all 
fybltances whatever contain i'.o>c or lefs of this 
principle. RelpeQing the nature ot the prin- 
ciple, however, there is a diverfity of fentiment : 
foine fiappofing it a jub/iance, others a quality, 
or property of fubftance Boerhaave, followed 
by moll ol the moderns, is ot the former opi- 
nion , Neivton, with foine others, are of the 
latter , thefe conceive heat to confift m an in- 
ternal vibiatory motion oi the particles of bodies. 

Wliatever 



Of the Thermometer. xg 

Whatever doubts may be entertained refpedl- 
ing the caife of beat, many of its efFecls are 
clearly afceitained ; in treating of thofe eiTcifs 
it is expedient to adapt our language to one or 
other of the fuppofitions refpetting the nature of 
their caufe and as nothing has yet appeared to 
reader the common mode of exprelSon unphi- 
lofophical, we ihall therefore fpeak of fire as 
a JiebJiance, under the denomination of fire, 
or heat. 

One univerfal efFeft of fire is its expanding or 
enlarging thofe bodies into which it enters ; 
which bodies fubiide again when the fire is 
withdrawn. Solids are lead expanded by it; 
inslajiic Jluids, as water, fpirits, &c. are more 
expanded ; and elajiic Jluids, as air, moil of all. 
Hence, if a glafs tube of very fniali bore, and a 
large bulb at the end, be filled with any liquid 
fo as it may rife into the ftem, and heat be ap- 
plied to the bulb, the liquor will rife in the tube, 
and it is obvious to infer, that the larger the 
bulb and the frnaller the bore of the tube, all 
other circumftances being the fame, the greater 
will be the afeent for a given variation of heat : 
fuch an inllrument, wdien applied to a frame 
properly graduated, is called a thermometer. 
Difterent fluids have been occafionally ufed for 
thermometers, but none is found to anfwer fo 
well, in all refpeas, as quickfilver. 



;o Of the Thermometer, 

Boiling water is of a conftant and uniforrtt 
teinperatiiie at all times and places, provided 
the barometer be at a certain height , and a 
mixture of pounded ice, or fnow, and water is 
hkewife of an unifoim temperature Hence, wc 
are favouied with the means of finding two fuf- 
ficiently diftant points upon the thermometric 
fcale, without the neceffity of another thermo- 
meter, thefe are called the hothng and freextn^ 
poir'i^., and aie marked with 212° and 32° re- 
fpedtively, upon the common fcale, or that of 
Fahrenheit, the boiling point being found \/hcn 
the barometer ftands at 30 inches. The i^ale 
is divided into equal parts, and extended above 
and below thefe points, ad libitum, when the 
degrees go below o, they are counted fiom it, 
and termed negative, merely for diftindioit *- 
At 515° the word temperate is ufualiy placed 
upon the fcale, and fummer heat at 75° , 98° 
denotes the ulual heat of the human blood ; 
112“ the heat ol the blood fometimes in an in- 
flammatory fever, and at 175° fpirits boil ; 
quickfilver ufelf boils at about 600°. 

Reaiimtir*% fcale, ufed by feme philofophers 
on the continent, maiks the freezing point with 
0°, and the boiling point with 80°. 

THE 

* The Tyio will pleafe to obfeive, that the term 0°, 
does not imply a total depuvation of file, it is a meie ai- 
bitiary term, and there would have been no lefs propriety 
in calhf’g it 1 00®, 01 1000®, than 0°. 



Of the "rhermomeier^ 


21 - 


THE following is the refult of obfervations on the ther- 
mometer, taken three times a day, at Kendal and Kefwkh^ 
from 1788 to 1792, inclulive. The morning obfervations 
were taken between 6 and 8 o’clock ; the mid-day obferva- 
tions about 12 or 1 ; the night obfervations at Kendal dhout 
9 or lo, but at Keftmck at 6 in fummer, and 4 in v/inter ; 
this circumftance makes the mean temperature of Kefwlck 
too higlij when compared with that of Kendal^ which ought 
to be noticed in the comparifon- 

The fituation of the thermometers too, is another par- 
ticular that fliould be adverted to ; — that at Kendal was 
%vir.hoiit, in a garden, under the fliade of a pretty large 
<n)ofeberry tree, facing the north: the garden is open to 
the country in the north, and has houfes at the diftance of 
8 or 10 yards to the foiith. The thermometer at Kefwkk 
is fit irate near, but not in contadl with, the wall and window 
of a houfe* facing tlie north, which is open to the country » 
it is about 6 yards above the ground ; the fun never Ihines 
on it in winter, and only a few weeks in fummer, and that 
early in the morning, long before the obfervation is taken. 

From thefe accounts it is obvious to Infer, that- the ther- 
mometer at Kefwkk wIU uot be liable <0 the of heat 

and cold, owing to the influence of the adjoining wall ; 
v^hereas that at Kendal is perhaps liable to too great an ex- 
treme of heat, occafionally, owing to the refledlion from the 
ground, though the fun never fhlnes upon the fi-ame for aa 
hour at kail before any obfervation is taken. 

The following tables, it is prefumed, will be fufficiently 
explicit; we have given a table each year, containing the 
days on* which the extremes of heat and cold happened at 
each place, as with the barometer. 

, :AT 



Ohjenations on the Thermomster, 


%% 


AT KEN DAI,, 1 7 88. 



Moniini^'o 1 

N 

n)i]. 


N 04 t, 

month, ' 

iTieai'ts, ! 

M'can ihigh. 

low. ■ 

Mean 

iiigli. 

low.' 

IVlc.TO h.g*T!. 

low , 
... 


0 j 0 

d 

0 

d 

C' 

0 j 0 


c 

fan.. 

37.7:46 

20 

41 

47 

31 

38 5 '4^* 

24 : 

39 

Feb. 

3^ 3 44 

28 

41 

47 

3 ^ 

37.7 '46 

28 j 

3 ^^v .3 1 

March 

33-9 46 

18 

40-3 

50 ^ 

51 

36,3 i CO 

2 1 

36 8 j 

April 

43.8 149 

32 

49-5 

69 

39 

41^,8 !55 

34 

3 ' 

May 

'4.8,7 

39 

6r.8 

80 

43 

48 6;6l 

38 

r sf . .. 0 

J 

June 

0 

q 

47 


80 

SI ! 

52 5|6o 

4-5 

57-3 ; 

July 

55,0 '62 

49 

6 1 0 

6)8 

53 

54.4162 

47 

56. s 

Aug. 

53 ’J 4 « 

47 

<"'3 7 

74 

57 

54.-2 '60 

49 

57. 1 

Sep. 

49.7 :6o 

35 

59 4 

:70 

50 

51*8^62 

43 

53 - 

061 , 

4 ‘' 5 'SS 

28 

52 6 

58 

47 

43.1.57 

30 

45-7 

Nov. ^ 

S^’-S 50 

27 

44 5 

'52 

33 

39'3|5^ 

28 

40.7 

Dec. 

26 40 

10 

3 3 ' 5:4^' 

I23 

27,6'40 


29 

an. m. 

43 „i: 

1 51.2 



144.1 

1 46. 1 1 


AT KESWICK, 1788. 

(^he ohjervaihns on the thermometer at Kefwick ihls year 
not complete till May .) 



Morn in 

i 

Noon. 


N4»'ht.. j 

nKinth, 


Mean [high. 

low. ' 

Mean il'iigl'i. 

low 

Mean ' 

high.' 

low.; 

nieaj i;.- 


0 

0 

0 

0 

0 

d 

0 

0 


cF 

May 

54.8 

71 

41 

6 i 

77 

41 

58.9 

72 

39 

58.2 

June 

57.6 

67 

52 1 

62.3 

77 

s^> 

60 5 

75 

5 ‘ 

60, 5 

July 

58.6 

68 

52 1 

61.7 

70 

58 

60.3 

64 

56 

, 2 

Aug. 

58-5 

62 

52 

63,2 

75 

56 

61. .6 

73 

53 

6 i ' « i 

Sep. 

54.6 

64 

146 

58-3 

68 

48 

55‘9 

j66 

48 


Oil. 

44.4 

57 

28 

50-5 

59 

41 

46*8 

157 

34 

47,2 

Nov. 

42.1 

53 

28 

44,2 

52 

32 

42-5 

54 

28 ’ 

42 . 

Dec* 

26.2 

4-3 

8.1 

30.2 

44 

i8 

! 28.5141; 

47. 

28.3 


I 7 Hji o „ 




Ohfervations on the Thermometer., 23 


1788. 


i 

1 

Morning. j Noon» | Night « | 

M ' enda /. ICefioick .] K £ j '' ivic . k ,\ Ker.JaL A!" d'wi. | 

L. H:24.iri day 

llan. .| ^ ^ 

34th &. aytli days 
'S ' i 

26th day 

24 


1 

^4 

lO 

«| 

a;; «i 

30 ■ 

32 , 30 1 

13 • 

30 

7. 8 

11, 12 

4 ' 5 

30 

4 

SO 

4 

iMay a 

28 26:26 '26, 27 

6 29U9 29 

27 25, 27: 

10 29 

I H 

June 

18 16, 17 

I, 8 12, 209 28 

21 171 

19 27, 28, 30 

17, 18, 20 17 

9 ^9 

l-j- 1 Hi 1 2 . iz 

j>->' LjzS 5 

12 13:11 12,13,30 

10 7, 8, 2 2 Is 25 


1,13 3,10,13,14 
18 27 

4 4 

23 26 

12 3, 4 

19 24 

isep. a 

5 « 

15 , 21 

4 4, 8 

[29 21 

}4 4 

44 21 

oa. a 

2 2 

19 x8 

2, 5, 22 2, 22 

18, 19, 20 18 

2 22 

18 18 

H: 1 1, 12 II 

Nov. .. 1 

IJiD 15 

3,1:1 2,3,11,12 

16 15 

i 2 3, 1 1 

r 5 26 

y. H;24 2534 24 

L,t6 8,16 15, 16 

24 24 

15,17,2s 17,28 




AT KENDAL, 

17! 

^>9, 




1 

Morning. ! 

Noon. 

! 

Night. 

1 

month J| 

! 

Mc;n! 


iow. 

Mean j 

high. 

low. j 

Mean j 

low. 

means, j 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 1 

Jan. 

30.8 

47 

4 

36. 

50 

19 

32 

47 

5 

33 

Fc!,. 

37-7 

.,6 

28 , 

42 2 

47 

33 

37*7 

46 

3 Q 

39-2 

1 iVliirch 

30*5 

37 

22 : 

41.4 

48 

3 * 

32 

37 

,27 

546 

!;\linl 

May 

39 4 

47 

25 : 

+9.8 

60 

3 ^> 

40.5 

49 

31 

43.2 

4 0 • 8 

55 

41 , 

60 

70 


49 4 

57 

38 ; 

52.7- 

i junc 

5 ^ 5 

60 

38 : 

63.6 

79 

53 

51,6 

60 

45 

55 ’ 6. 

July 

54 

62 

41 

64.8 

74 

54 

54.4 

62 

49 

57‘7 

Align ft 

53 M 

62 

42 

69 4 

79 

60 

5 ^> 

62 

50 

59^7 

Sc|)t‘. 

49,8 

57 

32 1 

58 4 

67 

50 

49.2 

58 

37 

5 ' 3'5 

Odo, 

42.4 

55 

27 


57 

39 

43.4, 

55 

29 

■45.6, 

Nov, 

3 .) 

44 

20 

42-5 

5 t 

,31 

35-7 

,45 

23 

37.7, 

Dec. 

40.6 

48 

i 25 

4.3 • 4 _ 

49 

35 

40.9 

49 

29 

41.6; 

aiHi. ms. 

i.ili 



51-9 



1 43.6, 


46.1 







Obfervations on the Thcrmo?ncIer^ 


AT KESWICK, IJoKj. 


1 

1 Morninj.;. 

1 Noon- 

1 Nio'ht 


jiiionth. I 
iineans. j 

I 

Mean 

high 

! low. 

ivlcan 

liiyh. low. 

Mean 

liigii. 

' low. 

Jan. 

0 

, 0 

! 0 

0 

0 0 

0 

0 

i 

I cT i 

33 

49 

7 

34 9 

50 ' 20 

. 33 -^ 

50 

i6 

6 3 3 • 9 ! 

Feb. 

377 

46 

29 

,40-4 

4 ^ 34 

3 i '>7 

47 


-^8,9 

Mar. 

29.7 

39 

23 

3 ^* 4 

46 ; 29 

33 2 

40 

28 

3 

April 

41.6 

49 

28 

45*9 

5 ^> : 33 ! 

44 ‘ 

51 

68 

29 

|, 4,3,9 

May 

509 

60 

4s 

56 7 

68 ,45 1 

54 

41 

7 '4 9 

June 

557 

69 

44 

59 

73 i 49 ■ 

5577 

69 

'47 

, 56- 7 ‘ 

July 

58.2 

66 

49 

62 

71 : 5- .1 ; 

60.2' 

70 

50 

1 60.3 

Aiiguft 

59.6 

67 

5 J 

64.9 

74 : 67 

62 9 j 

71 i 

71 

1 62 5 

Sept. ' 

52.7 

61 j 

41 ! 

56.4 

65 146 j 

54-«'64 1 

46 

54.6 

Ofto. 

44 2 

52 

26 j| 

48.91 yfi '36 1 

46 9 

57 ! 

32 

4^>-7 

Nov. j 

37 

45 

23 '! 

41-2, 

4 S ; 3 £ 

39 * f 

48 1 

28 

39-1 

]ann.ms.| 

42,5 

45 2 

49 

31 i| 
ii 

49 

leL.J 4 

42 2 

47. 1 

‘'"J- 

34 ! 

' 1 

1 42.7 
! 47-2 i 


X 7 89. 

Morn in | Nv)on. j ' NJo-|i 7 ' 



iKmJaL Ketiv ck.\ Kendal. Kefzvirk. 

\H endtii. Kc*'wiik 

>126 30 

iS M, !.2 

Jan. « 

30 30I3 ‘ 3 c 

12 5215 , 12 ^ 


‘5 i> i 5 |'< i 5 > *S -24 «5 

12 27I4 II, 12, 16 

j '4 * 1 

17 ■ It 

B'lar. 

2-0,21 2'7 

34 8, 17:13 7 

[2, 28 2 

1 4 1 7, 1 0, r ^ 

A H 

Apr. ^ 

21 20, 2 1 150 30 

12 4‘7 ^ 

165, 30! 

4 '3 

May ^ 

24, 25, 28 26, 28 13 13 

I. II 2,4 5 ' 18 

‘3 „ i 3 j 

3 ■' . .3 

June 

18 18 

2 26 

17- 17 

6, 26 6, 28 

'7 '.3. ‘^>1 

7 ) 25 27; 

'!‘'y 21 

4 3 

24 , 23 

4 4 

22 22 

4 3 | 

23 2 2'' 

Aug. 1 

5 4 

23 I 

13 i8 

7. 22 6 

4 18; 

22 ;^o| 

3. 10 4 

iB 16! 


I. 4 » 9 1 

17 tj 

5 ~ ^6 

15. 19 19 

oa. B 

21 21 

3 1 

23 23 

3 ' .31 

20 20- 

3 8 J 

No,. H 

^ 4 - 2, I 4!3 , 

U . 26I27 26 

J 10 

26, 27, 28' 26 

Doo. H-' 

' 32 

i6 

6, 27 6/7 ' 

16 i6 

23, 27 n 

2 > 1 7 



Obfervations en the Thermenieter 




AT KENDAL, 1790- 



Morning, i' 

Noon- 

n 

NigVit 

1 

nionvl'i.l 


Mean ( 

ligh. 

low.; 

Mean 


low. 

Me-^n 


low.l 

means. 


0 i 

0 

0 

0 

0 

o| 

0 1 

0 

0 

0 

Jan» 

3 S -3 

47 

23 

40 

49 

31 

37 2^ 

47 

24 

37-8 

Feb. 

39.8 I47 

35 

46.2 

54 

39 

41 2 ; 

47 

28 

42.4 

March 

35-5 45 

24 

50.7 

58 

39 

38 1, 

46 

29 

41.4 

April 

37-5 

46 

23 

70.1 

58 

40 

3 7' 5 

47 

28 

41.7 

May 

48.5 

55 

38 

59.8 

71 

5 * 

48 

58 

43 

J2,I 

June 

524 

62 

43 

61.7 

76 

53 

53,4162 

46 

55.8 

July 

5 1.6 

58 

41 

60 9 

67 

54 

53-2 

59 

47 

55.2 

Aug. 

52*5 

i 5 o 

38 

61.4 

i 7 i 

56 

55 

6 

48 

56-3 

Sep. 

47 

56 

33 

5(5.768 

51 

49.1 

52 

42 

50.9 

oa. 

43'3 

,55 

28 

54 3 '65 

47 

45.4 

58 

33 

j 47-6 

Nov. 

37-8 

i 50 


1 44 ' I 

153 

34 

1 37.640 

13 I 


Dec. 

34 - 3 ' 4 ^ 

6 

1 39 

i 49 

22 

34-9 47 

'3 2 

1 j6. 1 j 

1 an. m* 

I43.0 

.1 52. i 



ii 44.2 





AT KESWtCK, I790* 



Morning. 

Noon. 





month. ( 


Mean high. low. 

Mean jhigh* 

low l( Mean ihigh.' 

low. 

means. 


0 1 0 0 

0 1 0 

0 :i 

0 

O 

0 

0 

Jan. 

36.4 148 ;29 

39.7 150 

30 1 

38 -n 

50 ; 


38.6 

i'eb. 

43,3:49 133 

45.4.51 

39 i 

43-8 

^19 ! 

35 : 

44 *^ 

March 

39 * 3 '49 i 3 i 

47-7152 

38 1 

44-3 

so . 1 


43-8 

April 

39 |49 . 3 ' 

44.8 |54 

38 ' 

4 I '. 2 

49 . 

32 1 

41.7 

May 

50.8^58 ;45 

55-5 .64 

46 } 

52*9 

63 

45 : 

53 -^ 

June 

55 68 '47 

58 7 ' 7 > 

,49 j 

57.6 

70 

^ 1-9 

57 -‘ 1 

J»'y 

53 - 9;59 48 

' 59-5 :65 

[52 j 

56.5 63 

‘5^ ' 

56.6 

Aug. 

54.8 61 I51 

60.5 69 

,55 ■ 

57 - 5 164 

5 ' i 

57.6 

Sep. 

49.2 156 ;4i 

, 53-7 ■62 

;43 I 

50 8 \(\z 

43 1 

51.2 

oa. 

46.5:59 155 

1 52,1 ;62 

‘44 i 

48.8 

59 

37 

j 49 - « 

Nov. 

37.649 :25 


130 

39-9 

50 

26' 

30-7 

Dec. 

. 35-7 47 _i >_8 


,27 

36.8 

47 

28 


an. m. 

45 -'' 

49.8 


il 47-4 



1 : 47-4 


1796. 


B 
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Ohfsrvations on the Thcrinomcter. 


1790. 


Morning. | Noo;:. j Nights 



1 A'T^-T'/. Kttpiuick.] KcndMt Kel'VJickJ\Kendai. Ki'j'ivirk 

T K 

Jan. 

;3, 1% 14 

21 9,15,21,30 

-3 ! 2 jj 2 1:2 

i 5 » 17 15120 ' 20. 27 

Feb. f 

L 2 f 1 

28 22 

r 10 

24 2 2 , 25 

20 To 

Mar. 1 

12, 12 2128,30 20,22,30 

If 7 4, 15, 17, 1 8 5, .10 JO 

II iS 

15, 16 5, 15 

H 

r.pr. 

23, .27 29:79 23 

17 II, f3ii6 13 

22 28 

14 12,13,14 

-r ,, 1 .•) '- 3 3 ^ 3 

L!i4 19,21 

29.31 3 ' 

4. 27 2 

29 16 

3 5 , 

y rl i 2 2 1 6 

LjfS) 28 5. 10 

r5 22 

II ii 

15, 16 22 

I f 6, 7 

't 1 H 

July X. 

26 4, 26j27 17, 27 

30 30I29 31 

17 2.| 

2 1 14 

A H 

Aug. L 

16 2 1 

27 1, 3,4, 26, 27 

12 15 

4. 9 3' 23 

7 ‘ .1 6 

26 29 

C HT2 IQ 

lIs ■ ,5 

19 19 

21 14 

12 19 

7 14 

oa. « 

4, 5, 21 22 

10 25 

4 . 6 

?7 30 

21 22 

9, 30 30 

Nov, 6 

I. 29 28 

6 6 
18, 29 27 

25 6 

30 30 

Dec. 1.43 13:9 7 

20j2O 1 , 20^28 ' 28 


AT KEN.DAI.5 1791* 



iVIorning. 

[ Noon. 

1 Night. 


Mean 

high. 

low. 

Mean 

high. 

low. 

Mean, 

high. 

low. 


0 

0 

0 

0 

0 

0 

0 

0 

6 

Jan. , 

3 8 '3 

48 

23 

40.4 

48 

32 

38.8 

48 

30 

Teb. 

3*^-5 

.j6 

26 

41.9 

50 

36 

3 < 5-5 

46 

28 

March 


47 

23 

47.2 

55 

39 

40.5 

48 

25 

April 

43 7 

53 

3 ^ 

52.8 

67 

42 

44.1' 

55 

37 

May 

45 

55 

34 

56.5 

73 

44 

45.1 

6 i 

33 

June 

5 f I 

59 

38 

63.8 

81 

48 

52.2 

62 

40 

July 

54*3 

67 

48 

63 5 

78 

51 

54 

66 

48 

iAoguft 

54,8 

66 1 

45 

64- 3 

74 

48 

53 *S 

62 

46 

Sept. 

[50.3 

60 ' j 

38 

63 4 

79 

'52 

5 f '5 

60 

42 

OBo. 

XT 

43. 

57 1 

24 

51.8 

60 

42 

43‘9 

57 

24" 

j\ov. 

, 39*4 

49 1 

22 

1 " : 

45.2 

53 

|39 

39*3 

50 

28 

Dec. 

,29 1 

40, i 

>10 1 

33 1 

42 

I20 

30.2 

46 


ann. ms.; 

43'<5 



52 ' 1 

44.3 




Thermometer, at P.M.---.6® ; at qJU^ 


> an*! fill Tn P- 




Obfervations on the Thermometer<. 2.^ 


At KESWICK, 1791. 


, .L II,. ...1 

Moral 11; 

* 

N 

oon. 


Night. 1 

mo* nth* 

u 

Mean high. 

low. 

Mean 

high. 

low. 

Mean 

higli. 

low. 1 

means. 


0 0 

0 

0 

0 

0 

6 

0 

0 

a 

Jan. 

37 9 45 

34 

39 3 

49 

31 

39^2 

49 

31 

38. s 

I'eb. 

35 '^ 47 

25 

38.4 

47 

30 

36-7 

47 


37 

Mar. 

40.4 47 

22 

43 6 

54 

34 

41,8 

48 

29 

41.9 

April 

44.4 54 

3 ^ 

49.6 

65 

41 

46 I 

59 

37 

46.7 1 

^ May 

47 1 64 

37 

52'7 

70 

40 

48.9 

66 

•40 1 

49-5 

Jane 

542 70 

41 

59-3 

176 1 

i 45 

5 ^ 3 

73 

4s 

56.6 


56.4 70 

50 

59.8 

'73 i 

5 ^ 

57.6 

71 

50 

57 * 9 . 

Aiiguft 

55«.'5 64 

48 

60 9 

68 i 

47 

58 2 

'67 

45, ! 

58-2 

tSept. 

53.2 66 

4 ^ 


73 

49 

56.6:69 

46 i 

5 ^^ 3 

Odo. 

43'5 55 

27 

47-7 

1 61 

136 

46.4 

58 

32 ! 

45-9 

' ISfov. 

39 I 47 

22 

42.3 


,33 

40.6 

51 

3 ^ ; 

40.7 

Dec. 

29 9 39 

A 3 

33 2 

; 4 Q 

'22 

32.1 

4 ^ 

I 5 ■^^ 


ann* ms. 

44 S 

1 48 8 

46, 7 

46.. 8 


1791. 


1 

Morning. j 

Nchhi. j 

Night- 1 

Ketuiat, KciW'ck.\Kendah K>’fwtck\Kt:t}da , 

Jan. 1 

31 25 

28 28 

16, 31 j 6 | 

5 2 Sl 

i 6 , 30 1 0 

3 2^ 

K*. H| 

14 I4j7 14 

4 4 I 4 > 23 4 

1 0 I 4 

16, 28 2. 3 

Mar. L 

15 29, 30 

2 I 

28, 30 30 

3 21 

22 2 9 

I I 

A H 

Apr. L 

‘7 15 

I 11 

16 i6;i6 16 

6 ■ 5*25 6, to 

Viay ? 

28 31 

4i 8 6 

30 30: 

I I 

30 30 

6 3, 5 , 2 3 

r H 

1 ui n c 

4 4 ' S 

14 II, 12 

L "1 

21 12 

-A 5 :i 

13,21 1,2 

r 1 H 

fuly 

18 17 

5. 14 5 > 6 

17 16, 17 

4 4 

17 17 

to ,I 


15 23, 24 

19 30, 31 

15' 12,20,23 

31 3 ‘ 

14 23 

3 8 ^ 


JO II 

30 19 

11 II 

22 ' 19 

to 1 1 

1 1 8 


4 4 l 

24 231 

3 ’ 4 * 5 3 

26 22 

3 :% 4 

.23 23 

L 

jit II 

16 6 

'3 11 

!6, 18, 30 6 

■ I i 1 

6 , s 

^ H 
L 

.2,31 23,31 

15 1 1 

2,51 1,27,31 

It 11 

i* ' 

III ri 





Obfervaiiom $n the "fhermmneUr. 


AT Kl'NBALj 1 792. 




>t uiiig. 

j *N->of'j. 

1 ^ 

NlyUl. 

.10 

af* 

' 

Mean 


. low. 

iVitai. 

hyl 

J. low. 

hM. 

as i.i.-: 

.. Iav. 


ill 

■ Jcin. 

0 

33-3 

46 

5 '" 

0 

37*5 

k 

2 :') 

. 

'J 1 

‘5 '¥) 

i 1 2 ! 

,'t ‘1 

. I 

1 Ffb. 

37 

49 

j )8 


155 

;35 : 

w 


! , ' 

3 ‘9 

• V 

March 

38.2 

48 

'20 

4 ^j -3 

54 

| 3 - ' 

39 

3 : 4 -' 


i 


April 

45 

52 

5 ^ 1 

54.4 

172 

■43 ; 

43 

9 i^O 

1 

47 

. H 

May 

45-3 

52 

35 1 

54 « 

(fZ 

‘47 1 

45 

.* 

4 * ; 

4 :"; 

■ 3 

June 

52.1 

61 

48 

61.4 

'75 

lyz 

50 

2 5 ''-^ 

'41 ,1 

5 4 

* J 

July 

i 56.1 

62 

5 ’ 

^>4 3 

72 

56 ; 

54 ' 

ij 0 .:* 

j' 

e; K 

4 

Aug. 

55 

66 

■48 

69 

85 

: 5 « I 

56 .. 

I V »6 

I 48 :! 

60 

■7 

Sept. 

47.6 

59 

34 

56.8 

^9 

U 6 i 

.|. 8 , 

5 '59 

;. 7 ' i; 

7 1 


oa. 

43 4 

5 ^ 

'28 

51*4 

;^>3 

■46 :j 

44 


3 S 

.'- 1 6 , 


Nov. 

41.6 i 

50 

[24 

47 I 

58 

j.vf 1 

42 

I 51 

04 .J M 

3 3 ' 

6 

Dec. 

36.91 

50 



51 

129 ! 

37 * 

7 '52 



3 

an. mil. 

44-3 

52-3 


1 ! 

*r 4 * 3 


:}1 



■AT KESWICK, 1792. 


Jan. 

Feb. 

March 

April 

May 

June 

Aug. 

Sept. 

oa. 

Nov. 

Dec. 


Muriung, I 
Mean , high.) low. 


Noon. 


O I ( 

32 I [45 
36 - 5,47 
37‘3 47 
44. K :53 
46-5 53 
53 4:63 

57 3 .63 
60 171 

48.9 [ 5:9 
44.915 7 
42 . -t :55 
36 . 4 1 . 5 1 


Mean ,ovv. 


12 

^9 

17 

^35 

(36 

46 
49 

47 

32 

23 

20 


35 

41 ., 


47 

'53 


42.3151 


51.2 
51.8 
57 -* 

61.4 

65.2 

53‘9, . 
4 H .8 64 
45-7 60 


67 

Cz 

66 

69 

75 

64 


120 

130 

[35 

14 ' 

[40 

48 

5 ° 

54 

43 

hH 

32 

23 




!;iot;i h. 


Mean hiyji.jhtw. nu.nr, 


33-4i4:' '7 
59*7j5o 30 
39 *^->l 47 Ui 


46 . 5 ; k, 4 * 


49*4 


48.2 
54 
, 57*9 
59*9 

51.2 
46.6 

44.2 
3 B 


^■'>5 

70 

60 

57 


'79 

.|.6 

,18 

48 

42 

37 


57 !33 

149 124 


46.6 


33-5 
;l 39 - ' 

I! 39-7 

!j 

li 4 ''^-S 
1 ; 54.5 
, 5 J »-9 

I 6 [ 

' 5^3 
46.7 

,4,4 

37 * 7 ; 


f 


1793,, 



Qbfervations- m the Themmeter. 



1792, 

1 

j Morning- | Noon, 

j _Nig'ht. 

1 A. cijdji . Kefwick . 

1 al , Kej‘w / 1 /■. 1 KenAaL fFTpwjFk. 

T H 

jau. L 

3 ^ 5 *| 30 - 3 t 31 

13 iiiii ti, 12 

30 

TJ 

Feb. ^ 

2 2 

21 21 

26 12 

'18, 19, 24 i8 

* 5 , 27, 29 20 

20, 21 18, 20, 2-1 

Mar H 

29 1 

u 9 

17 1,2 

^3 8 

17,24,28 2,17,30 

19 8 

H 

Apr. L 

13, 14, 29 12, 13110 XI 

7 5 : 20I5 ^ 

'i>i3 11 

20 ig 

May ^ 

19 15 

11 I 

27 12 

3 I, 2 

24» 27 ■ 24 

2 I, XO 

J H 

June 

5 16 

2. 10, 20 8, 10 

29 16 

* 2 IQ 

2 10 

luW .n 9 '»°>i 5.24 

L .;30 I 

29 29;i5 3J 

5. *1 II 28 V, 

Auff. 3 

,s LizS, 29 28 

20 28 

^ 3 

19. 28 28 

Sep. "i ^3 2 , 7 U 2 

^ L i6. 22 22I21 22 

7 4 

15 27 

oa.- 

I I 

12 24 

1 1 

^4 

^ i 

II 24 

Nov, ^ 

3-5*8,11 5 

17 17 

5 5 

20 I /y 

3 5 

19 l6, 17, ig 

Dec. 

10, 18, 20 i8ji8 xS' 

^ 3 »... 3 i 24123 24' 

18 li 

7 22 




The monthly and annual means of the thermometer, 

upon 5 years, are as under. ^ 


FCenda! 

K^wick 


Jan. 




36.6 j 39.5 Iss-S lyya 

.3^1^13 9-5 I 39 1 45-3 I 52.7l 57-iT58-^r6a2 


BFendal 


j 0 < 5 L I Nov. j Dec, 

b'-'^ b 

52.7 I 


jj annual] 
1 mean, 


A. r.. - 71 - -,- ■ 35 ^!! 4 ( 5 - 4 . 

diA5ti‘l^: \ 53-9 i 47-r I 41-3 I 3!-4 li 47rf 


Tks 




go OBfervaiions on the Thermometer. 

The annual mean at JiTe/md may perhaps be ftated more 
accurately at 46°, as the evening obfervations were taken 
too foon to give the true mean temperature, it may how- 
ever be proper to obferve here, that the time or times of 
the day at which the obfervations ought to be made, in or- 
der to determine the true mean, has not, that I know of^ 
fceen afcertaintd. 

I made the following obfervations on the temperature of 
a pump well, the furface of whicli is ufually from 3 to 6 feet 
below that of the ground ; at the end of January its heat 
was 45“ j February, 45“; March, 46'’; April, 46° c • 
May, 48“; June, 50®; July, 51°; Auguli, j2^ - Sep- 
tember, 50° ; Oftober, 48° 5 ; November, 47“. r • Decem 

b=,, Thrf. 

ot 47 =". 8 . 


About the middle of June, 1793, I found the temperature 
of feveral wells in Kendal, after having pumped a ftw oal- 
Ions of tvater from each ; lix of the deepeft, being fron, fto 
10 yards below the furface of the ground, were juft 48- 
each; three other deep ones were ■ one not quite fo 

deep was 46^; and three that were only 2 or 3 yards below 
toe urface of the ground were 49° each. The deep ones 
I believe, in general are fubjec^ to very little variation i» 
temperature all the year rouiid* 

From thefe obfervations on the temperature of wells I 
am inclined to think, the heat of the earth at to or more 

£ the t ^’“haps this is a general 

JA the temperature of the cave of the obfervatory at 

which IS 30 yards below the pavement, is 53° e - 
whereas the mean heat of the air there, is only 52 0 
ever this may be, I cannot believe the mean heft of tfe al 
at this place is fo great as that of the pump water. 


SECTION 


C 3 - ) 




SECTION THIRD. 


Of the Hygrometer. 

hygrometer is an inflrument meant to 
JL Ihew the difpohtion of the air for attrad- 
ing water, or for depofiting the water it has in 
folution with it. 

Some of the greateft philofophers of. the pre» 
fent age have been endeavouring to improve 
thofe inflruments of this defeription we have al- 
ready, and to invent others lefs objedionable j 
but I prefume the objed is not yet fully attained. 
- — To afeertain the exad quantity of water in a 
given quantity of air, and alfo the difpolition of 
the air for imbibing or depofiting it, is an objed 
indeed, highly important to the fcience of mete- 
orology, and to philofophy in general. 

It does not fuit our intended brevity to enter 
into a detail of the different inftruments lately 
propofed, with their refpedive merits and de- 
merits ; we fliall only obferve, that moft fub- 
ftances are affeded more or lefs with the drynefs 
and moifture of the air, particularly animal and 
vegetable fibres, which become turgid, and con- 
trad by being expofed to moift air. Spunge, 
paper, &c. imbibe moifture,, and become alter- 
nately 




Of the Hygrometer, 

stately lighter and heavier by being expofed to 
the air. Strings, whether made 5 f animal or 
vegetable fibres, twift and untwift by the inoi- 
fture and drynefs of the air, and confequently 

are fliortened and lengthened alternately. 

The force with which a cord contradts is amaz- 
ingly great. Mr. Boyle, who feems to have 
been the firfi; that made a feries of experiments 
of this fort, ufed to fufpend a weight of 50 or 
joolbs. to the end of a rope, which was alter- 
nately raifed and lowered by the moifture and 
drynefs of the air, as a fmall w^eight would 
kave been. 


Obfervations on the Hygrometer. 

THE only hygrometrical inftrumerit I have ufed, is a 
piece of whip-cord, about 6 yards long^ faftened to a nail 
-at one end, and thrown over a fmall pulley ; in this manner 
it has been kept flretched, by a weight of z or 3 ounces, 
iince September, 1787. It is in a room without a lire, and 
where the air has a moderate circulation ; the fcale is di* 
vided into tenths of an inch, and begins at no determined 
point ; the greater the number of the fcale, the longer is 
the ftring, a4nd the drier the air. This ftring has varied lo 
length above 13 inches, or of its whole length. The 
obfervations were taken three times a day the two lirll 

years, and once a day after, namely^ at noon,- --The 

reMt follows* 


Mem 



Obfervations an the Hygrometer^, 

Mean Jlate of the Hygrometer, at Kendal. 


33 


Januarf 

February 

March 

April 

May 

June 

July 

Au|raf|; 

September 

Odliober 

November 

December 

1788. 

1789, 

1790. 

1791. 1 17955. 

1 Mean of 
jthe whole; 

40.3 

54-7 

8e 

85 

1 16 
127 
104 
113 
108.5 
102 
87.6 
100 

83,4 

8 1 
106 

1 12 

1 23 
127 
126 
132 
114 
104 

99 

1 S5 

85 

92.8 

109 

131^7 

129 

129 

126 

121 

1J7 

109 

104 

92 

^5 

97 

105.7 

116 

123 

ns 

431 

129.6 
129 
119 

*13 

107.7 

102.6 

100.5 

I J 2 

125 

128 

137 

134 

138.5 

120.7 

123.3 

106.4 

102.6 

79*3 ^ 
85.2 ; 

102.7 : 
II3.9 
223:8 
131 

124.2 

126.8 

117.2 
IIX.5 

1.02 

97.5 

An. means 

Dricil 

Moiftell 

93-3 

138 

107.7 

140 

i 

112,1 

i 

1 71 

1 15.9 

1 H 4 

1 % 

1 19,2 
150 
^3 



It is obvious, from the means of the feveral years, and 
likewife from the extremes, that tlie cord has been increafing 
in length each year, fo that, in limilar ftates of the air, the 
index pointed at greater numbers each year fucceffively; this 
increafe too appears to have been nearly in arithmetical pro- 
greffion after the firft year — In confequence of this increafe in 
the length of the cord, lome allowance ought to be made in 
comparing the mean ftate of the hygrometer in the diflerent 
months of the year ; thus, if the months of June or July 
be taken for a Ihindard of comparifon, then the means of 
the preceding months muft be increafed, and thofe of the 
following diminidied, in fuch proportion as the annual in- 
creafe fliall require. 


^ The above mentioned inflrument ferves to fiiew a varia- 
tion in the dryntls or moiliure of the air; but it is very 
inadequate to the purpofe for which a hygrometer is defired. 

^ SECTION 
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SECTION FOURTH. 

Of ‘Rain-gauges y and an account of the quantity 
of rain that fell at Kendal and Kefwick^ 
in the years 1788, 1789, 1790, 1791, and 
1792, together with the qumit'ity at London 
in the three firf of thefe years. 


T he rfin-gauge is a veffel placed to receive 
the. falling rain, with a view to afeertain 
the exadt quantity that falls upon a given hori- 
zontal furface at the place. A ftrong funnel, 
made of Iheet iron, tinned and painted, with a 
perpendicular rim two or three inches high, fixed 
horizontally in a convenient frame witl/a bottle 
under it to receive the rain, is all the inftriunent 
required. 


^ In order to determine the depth of water that 
falls in the open field, with this apparatus, wc 
muft have given, 1 ft, the weight of the water 
caughu in the bottle ; zd, the area of the aper- 
ture of the funnel; and, 3d, the weight of a 
cubic toot of water, which has been found equal 
to bzilbs. avoirdupoife. Then, if ^ = the area 
of the aperture, m inches, W = ea^ibs. and w 

pounds, 

.e fliall have this theorem, per menfuration, 

, ' ' 2073.6 



Of Rain-gauges^ iffe. 35 

rr the depth of water^ in inches, that 

n any horizontal furface at the time and 
; required, 

iverting this theorem, one may eafily 
weight of water correfponding to any 
spth ; which being once found, it is 
)editious, and fufliciently accurate, when 
el has 8 or 10 inches diameter, not to 
le water each day, but to meafure it, 
s of phials, &c. fuitable for the purpofe. 


following account, we have given the amount: of 
ich month, at Kendal and Kefiokk^ for 5 yearSa 
3 months at the lall place ; and alfo at I.nndofh 
i the laft is taken from the Philolophical Tran- 
The rain at the two before mentioned places was 

evening at 8 or 10 o’clock. To the account 

dded, the number of wet days each month, or 
^vhich the rain amounted at leall to .00 x of 


vly rain-gauge at Kendal is 10 inches diameter 5 
rqfthwaiteh at Kefwkk about 8 ; they were both 
diiiant from trees, houfes, &c. 


Account of Ruiu.: 


1788 . 



j At Kendal. 

[j At Kefwick. 

j;At Lontloiu^ 

r Inc lies of rain. 

Inches of rain 

wet days 

Inches of rain. 

wet day.s 

Jan. 

5,6160 

20 



0*439 

Feb. 

3.3064 

23 



1.461 

March 

2.8183 

16 



0-336 

April 

2.9047 

16 

3.9204 

23 

0.607 

Mar 

1.1872 

10 

2.0840 

9 

0.497 

June 

2 * 3^37 

M 

/ 

3-6876 

9 1 

3*275 


7-0323 

28 

6-3757 

28 

1.620 1 

! Aug. 

3.08S3 

18 

5.0771 

19 

2.699 j 

' Sept. 

^ 4.6756 

19 

7.1382 

'23 

3-345 

Ocr. 

2. 1220 

I I 

I-7S37 

d 3 

0.103 

Nov. 

3.0460 

sS 

3.2841 

n 1 

0.510 

Dec. 

1. 1470 

7_ 

0.9849 

1 


Total 

39*2575 

^93 : 

34-3057 

DP ! 

14.892 j 

from Mar. 27.516B 



1789. 


i- 

j At Kendal. 

1 At Kefvvick. 

At London^: 


jlnches of rain. 

Avet days 

Inches of rain. 

wet days 

Indies of rain. | 

I Jan. 

1 7*343 

22 

8-5435 

26 

1-345 

: i’eb. 

1 8.924 

24 

9.0442 

27 

T.605 

March 

1-347 

15 

J. 3 2.45 

21 

1-549 

Acrii 

4.778 

^9 

4-^383 

2 I 

0.957 

May 

5.3S8 

.20 

3.661 1 

25 

I.IO3 

June 

4.311 

i8 

7.0637 

19 

3*244 

;TuIy 

6.3S9 

25 

5.2770 

26 

3.467 

Anp*. 

'-556 

12 

3.4.569 

14 

1.864 

bept. 

5-436 

24 

7*2709 

24 

2.155 

Ocl, 

6.864 

2 1 

8*0907 

25 

3*253 

Nov. 

5.451 

16 

6.0965 

21 

1.244 ' 

Dec. 

12048 

28 

8.i 776 


I.I9O 1 

Total 

69 835 

244 

72.2449 

276 ' 

21.976 


179*. 




Account of Rain. 

1790. 


j 

At Kendal. 

I At Kcfwick. 

|At .Loiidond 


!■ ■ f rain. 

wet days 

Inches of rain. 

wet days: Inches of rain. 

Jan, 

6 567 

18 

; 5^9377 

19 

0,967 

Feb. 

3 

15 

4.0x24 

17 

0. 1 IS* 

March 

1.606 

10 

1-322B 

10 

0,1 2 -Z 

April 

1.960 

1 r 

2.3198 

17 

1.470 

May 

2,645 

14 

3.4588 

18 

2.898 , 

June 

4.1 14 

17 

5 1077 

31 

0.708 

jay 

7,894 

25 

6.2509 

24 

1.700 

Aug. 

6.200 

26 

5.8524 

26 

1. 991 

Sep. 

6,682 

16 

8.3950 

20 

O.36B 

oa. 

5.382 

1 15 

6.1304 

16 

i.ioS 

Nov. 

5-345 

1 12 

5.0550 

13 

2.512 

Dec. 

ro 306 

24 

10.9010 


2.093 

{Total 

6^163 j 

203 

'H -7 43 !> 1 

225 

' 16.052 

. ... .^.4 


1791. 



At Kendal. 

1 At Kefwick. 

At Kendal. 

(At-KeiVickj 


Indies of 

WCC ; 

Inches of 

wet 

inches ol 

wet 

Indies of 

wet 


rain. 

days.; 

rain. 

days. 

rain, 

days. 

i rain. 

clays 

Jan. 

8.369 

28' 

^^•3574 

28 

4. f 20 


: 4.5041 

15 

.I'eb. 

6,641 

16, 

9.2344 

21 

5,820 

14 

: 4«9375 

20 

March 

3.641 

17 

3.1231 

17 

6,684 


1 9.6261 

26 

April 

4,b*io 

' 7 i 

3 3190 

2 X 

1 0.09 1 

16 

! 11. (6460 

,K 7 

May 

. 1 - 9^1 .S 

.t8; 

3,9963 

i8 

5.922 

^9 

6.5167 

21 

June 

. 5 ' 49.1 

FA 

2-0 '.33 

20 

3-5 '4 

16 

2... 7 1 lO 

20 

July 

^■344 

18; 

8.2060 

20 

j 5-926 

21 

3-8643 

20 

Aug. 

5.165 

^ 7 | 

5-8852 

1 6 

7,398 

18 

5.9704 

1 : 6 

Sep. 

.4409 

iO 

2.7715 

1 1 

I 1.229 

28 

10,6179 

^5 

'Gsht. 

5 - S 05 1 

■22; 

7 1272 

23 

6.028 

20 

6-7357 

Zl 

Nov. 

6.465 1 

2 1 

8.7238 

23 

6,030 

18 

5.8350 

14 

Dec. 

8-375 * 

22 

7. 8050 

. J 3 .. ' 

12. 122 

271 

1 1 . 6404 

^31 

Total 

6f.200 l2l9'i 

73 - 5522 | 

241; 

84-8841233 

84,605 


1792. 





Account of Ram, 


Mean monthly ram and number of wst days^ ai Kendal ei^rid 
Kefvvick, for all the y ymri^ 



At Kendal. 

At Kef 

Lvick. 


Inches of rain. 

wet days. 

Inciies of rain. 

'wet clays- 

Jan. 

6.403 

20 

7 ^S 55 ‘> 

2 2 

Feb. 

5.671 

18 

6.1624 

22 

.. f 

March 


16 

3.7324 

18 

April 

4.909 

16 

5.0887 

20 

; May 

3.825 

16 

3 *. 94 .H 

1 8 

June 

3-549 

H 

4. 1167 

18 i 

July 

6.717 

23 

5.9948 

^4 

Auguft 

4,681 

18 

5.2484 

18 1 

Sept. 

6,286 

19 

7.2387 

1 

0(^0. 

5-^79 

18 

5-9675 

20 I 

Nov, 

5,267 

17 

5.79S9 

1 8 

Dec. 

8.800 

22 

7.9018 : 

1*2 2 1 

Total 

64.506 

1 2 I 7 ~ 

” 68 . 5497 ~ 

r 34 t j 


Tke greatefl: quantity of rain in 34 hours, for thefe 5 
years, was on the 22(1 of April, 1792, namely, at Kendai* 
4.592 inches. The rain at Kcfwtck on that day, was feme-* 
thing lefs ; but taking both the 22d and 23d, the rain was 
nearly equal at both places, 

Teiides thefe 2, there were other 2 daysj at Kendaf^ 
when the rain was betwixt 2 and 3 inches, and 56 day* 
betwixt I and z inches. 

At Kefwkh^ for 4 years and 9 months, there were 3 daysj, 
befides the 2 above mentioned, when the rain was bet\vec» 
a and 3 inches, and 52 days between i and 2 inches. 


SECTION 
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SECTION FIFTH. 
Obfervations on the Height of the Clouds. 


M r. Crofhwaite, of Kefwick^ has availed 
himfdf of his fituation in the vicinity of 
high mountains, to make obfervations on the 
height of the clouds ; for which purpofe he has 
chofen Skiddaw, the higheft mountain in the 
neighbourhood, a very fine view of which his 
mu/eum commands. By means of marks on the 
fide of the mountain, and with the afliftance of 
a telefcope, he can difeern, to a few yards, the 
height of the clouds, when they are below the 
fummit, which is very often the cafe. — Perhaps 
the following feries of obfervations is the only 
one of the kind extant, as the labour and diffi- 
culty attending fuch obfervations in a champaign, 
or flat country, are fulficient to deter any one 
from making two or three daily obfervations for 
a feries of years ; and when the whole Iky is 
clouded, they are quite imprafli cable. 

He has determined, by trigonometry, the per- 
pendicular height of Skiddaiv, above the level of 
Derwent lake, to be 1050 yards, which agrees 
very nearly with Mr. Donald’s obfervations; and 
he has noted, in a column of his meteorological 

journal. 



4 ® Obfervetions on the Height of the Clouds. 

journal, every morning, noon, and evening, the 
height of the clouds, in yards, above rhe level 
of the faid lake, when their height did not 
exceed that of Sktddaiv , and when it did, he 
has marked it as fuch. 

The refult of 5 years obfervations is con- 
tained m the following table. All the obfer- 
vations when the clouds were between o and. 
100 yards high are placed in one column, and 
thofe when they were between 100 and 200 
yards high in the next column, &c. — In order 
to determine what effed the feafons of the year 
have upon the clouds, in this refped, we have 
kept the obfervations m the feveral months di- 
ftind. — It is to be noted, that the column con- 
taining the number of obfervations when the 
clouds were above Shddaw, includes thofe ob- 
fervations when there were no clouds vilible ; 
but Mr. Crojihwaite has noted this laft circuin- 
ftance alfo, in the journal, and it appears, that 
about I obfervation in 30, of thofe in that co- 
lumn, Ihould be deduded on that account. 


Clouds 



Ob/ervaftons en the Height of the Clouds. 
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-h 
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00 

a 

CV 
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2 

B 1 


s 

ii 

b 

r-SH 

D 

0 

p 

H 

S 

fjL, 

2 

§ 

Uh 

2 


1 

Jfano 

o 

9 

12 

28 

53 

39 

37 

32 

30 

39 

36 

i i6i 

431 

Feb. 

5 

10 

5 

15 

4 ^ 

45 

45 

27 

43 

38 

29 

94 ’ 

397 | 

Mar. 

2 

I 

6 

1 1 

22 

40 

32 

3 <"> 

24! 

32 

44 

184: 

4341 

Apr. 

0 

4 

5 

18 

24 

34 i 

37 

26 

23! 

38 

54 

35 

206 

450 

, May 

0 

I 

4 

8 

^3 

3 M 

22 

25 

3 o| 

37 

2 70: 


June 

0 

2 

2 

6 

24 

24I 

29 

21 

34 

41 

34 

23 :V^ 

; 450 

July 

o 

2 

2 

1 8 

3 f 

36 

35 

25 

35 

48 

38 

1 9 1 1 

! 4^5 

Aug. 

o 

4 

5 

^3 

27 


35 

26 

25 

45 

30 

2 85' 

: 4 ^» 4 i 

Sep* 

0 

I 

7 

^3 

3 B 

38 

32! 

30 

27 

51 

27 

186': 

45 <>i' 

0<^. 

2 

o 

5 

^3 

26 


31 

31 

46 

6 t 

37 

164; 

465 

Nov. 

0 

o 

3 


30 

58 

42 

3B 

46 

45 

47 

I28ji 

450] 

Dec. 

I 

8 

6 

23 

4 ^ 

53 

39 

■ 50 


46 

35 

I FI 

: 460! 

jTotal* 

10 

4 ^' 

62 

Os 

374 ' 

486;4i6] 

3^7 

410 

518 

419 2098,15381 j 


It may be proper to obfervc, that the fiippofition of tlic 
clouds riTing or falling with the barometer, or as the denfity 
of the air increafes or di’miniilies, is not at all CGuntenanced 
by thefe obfervations.**~-~Alfo, that in vety heavy and cam- 
tinned rains, the clouds are moftly below the fommit of the 
mountain ; but it frequently ruins when they are eiulrely 
above it* 


G 
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SECTION SIXTH 


Account of Thunder-forms and Hail-Jhowet u 

W E fhall arrange the dates and accounts of 
thefe, in the order of their fucceffion. 
When the diftance of the thunder is mentioned. 
It IS calculated by obferving the number of fe- 
conds between feeing the lightning and hearing 
the thunder, tind allowing 1142 feet of diftancc 
for every fecond of time. 


Thunder forms at Kendal and Kefwick. 

1788. 

May 26. Several loud peals of thunder a little befoie 7, 
and again before 9 P M, the lad ver} near, at Kendal* 
The fame at Keswick, at 7 P M. with a few drops of rain. 
- — The iio.ir froii the SE 

July 3 Fiom 6 to 7 P M much thundei^, and very heavy 
Ihowers at both places [t came from the S 

Autruft 15 Fiom 7 to 8 P* M thunder and heavy rain, 
from tht NW. at Kefwick* 

Augiift r6 At yi; P M, a tremendous ftorm paffed on 
the SE. of Kendal, 8 or 10 miles diftant , 20 or 30 flalhci 
and leports lucceedtd each other in about half an hour. 

September 26 Diilant thunder in the night, at Kendal, 
At 74: P. M. 2 claps at Kefwick; with much ram, 





Account of Tbundcr-Jlorms, Ssff, 43 

17S9. 

Apnl 27. At 35^ P M foinc loud peak of thundei, at 
ICuidal 

M IV 13 Fioni 6' to 7 P M, fcvtjal loud clips of thiin- 
dci dillant, at Kuuial — ^Kiwecii 7 and 8PM much 
ihuinUr h jrd at Kt ivM< k, fmrn the JSW 

M IV t/ A hrtjc bcfoiL 3 P M one clap of thunder 
heaul ♦it K<.t»dal 

June 12, Dillant thimdci in the tvtnm^ at K?tndah 

[ {j i)»,tarit thundei P M it ^'tndal 

*—-^20 At I P M levt sal claps at Ktnrld, — the ftorm 
rctuiued at 4 P. M and 'hvie vviic 33 pc ds in ] >f an hour, 
many of them nncomrnuulv hmd, and neai , theie was rain 
ill the mean tuiic, but not lu ivy 

N B A vNoinan vv killed by lightning, in a houfe at 
SdSef^/j, iibont 11 mihs Iruni ‘vtnual 

June 27. Didant tliundei m the evenincr, at Kendal 
July 4 D llaiit thuiukt at 2PM at Kendal — Loud 
thunder, and heavy nioweit>, P M at KcTwiek 
July 6 Aftei 2 P, M, dillant thundir, at Kendal 

.10, At 3 P* M* a didanl thundei clap, at Kciidal 

—19 At 2j P. M dillant thnn^^ei, at Keiidvih 

2 1* Pad 5 P M 3 loud peals, at Kendal, and dif- 

tant thunder, at Kclwoek. 

Angud 29 P, M, fome thundei, with heavy ram, at 
Kefw lek 

Septeitihti 29 Aftei 9PM nuuli dillant thunder, with 
fliow'eis, NW at Kendal — At P M one long and loud 
peal, at KAsvick* 

September 30, Dillant thundei in the night, at Kendal. 


1790. 

April 26 At I F M fomc peals of tliuuder, at Kcndah 
May t6. At 9 P. M. one loud crack, from then E at 
Kclwxck^ 

Gz 


1790. 



44 Account of Thunder flornis^ x^c. 

1790. ~ 

May ^7 At ii-j A. M one loud ciack, I'f'f’y 

Ibower, at Kefwick 

Jane 9 From 6 to 10 P. Mi niiich tluindot, \Mtli hitlc 
Tam, at Kendal. 

June 16, Diftant thunder in the evening, at Kciukd 
At 84 : P* M, feveral loud cbps, at Kcfwick. 

June 22 ' From 6 to paft 8 A M. much loud thuiidei; 
with ram, ai. both places 

Augiift 27 Some thunder P M at KendaL 

September 3 P M a little thundei, at Kcfwick* 

1791. 

January 5, Loud thunder m the night, with h.nl, al 
Kefwick. 

May 21. At 6 P.M. diftant thunder, and hail ihowcrs, 
at Kendal 

June 4 Betwixt 1 and 2 P. M. feveral peals of ihiuitkr, 
at Kendal The laft of them was the moll rcmatkaldt one 
ever remembered at this place ,—inflantaijeoiiny ahu the 
fialh, was heaid a very loud and tremendous ciack, 
iimilar, but incomparably moie loud, than tlic lipoK «>i a 
muiliet , every houfe in the town was fenfibly fluikeu by it, 
and univeilal terror produced by the loudnefs and fnigahuity 
of the lepoit, but providentially no haim June The 
rain, mi\ed with hail, exceeded in quantity uh.u liuivtT 
been produced here on a limilar occafion, for 6 y cut . a( kail , 
there fell upwaids of one tnch and a half m the fp^u c uf thr^e 
quarters of an how ^ though a confideiable part of timt iiitci- 
val was model ate ram 

N B It IS lemarkable that the barometer wuh flationary 
all that day, and fo high as 30 06. 

1791. 

There was, this evening, about Prefton-hall, 6 iniUs iiniYi Krndah 
one of the moft extraordinary torrents ei haii and ram, au«ixk<l yvith 
shunder, that is upoa record. 
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1791. 

June 12 At 4 P. M. a crack of thunder, with hail and 
rain, at Ilcndal 

July 17 At 10 P. M loud claps to the NW* at Kefwick. 

18 After 2 PM. feveral claps, at Kendal; one of 

•which not unlike that of the 4th of June. At Kefwick, 
3 claps A. M and 3PM with exceffively heavy fhowers. 

Auguft 15, Between 8 and 9 PM* there was the moft 
lightning I ever remember to have feen at one time, at 
Kendal , fome thunder was heard, but it was diftant, E. 

Auguft 1 6 From 5I: to paft 7 A. M. much thunder at 
both places, and heavy rain at Kefwick. 

October 20. At 8i A M one loud clap of thunder, at 
Kefwick, and much lightping from 7 to 10 P. M. — ^heavy 
rain all day 

Decembei 25, Much thunder from 5 to 7 P. M. at 
Kcfvv ick. 


1792. 

Apiil 13. At 3 P. M. much diftant thunder, at Kendal. 

May 27. Between 3 and 4 P. M fome thunder and rain, 
at Kendal. 

July 9 At 7 P, M* diftant thunder, at Kendal. 

16 P. M much thunder, at Kendal. Between $ 

and 8PM loud thunder, at Kefwick. 

July 18. At 8 A M. thunder, at Kendal. 

25 After 6PM thurlder, at Kendal. 

Augull 26 At 3 P M. fome thunder at Kendal. 

October 14 In the evening, lightning , and at 10, diftant 
thunder, at Kendal. From 6 to 1 1 the fame evening, light- 
ning, at Kefwick , and at the later hour, one long and loud 
frack of thunder, 


Days 
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Days on which Hail has been noted in the jownah 
at Kendal and Ktlwick. 


Ijannary i8* 


" 1789 

Jan, 18. Mar 9 Apnl 36 
06 t I Nov. 14 Dec 15 
& 16 


Hail at Kendal 


1788 


Hail at Kcfvvick 

1788, 

[Apiil 4 Nov. 4 Dlc 26 3^^1 

1789. 

jan 15, Feb. « i Apnl r, 1 j, 
ISc 24 June 27 Sep 14 vV 30. 


13, Del 


1790 

Jan. 27. Apnl 25 Aug 3 
Dee u & 15. 


1791. I 

Jan. 5, 7, II & 13 Feb. i 
& II Mar 21 May 3i,| 
22 & 23 June 4 iSc 12 


1792, 

.Mar. 19 May 22 OA 17 
Dec. 6 & 22 


Od I <8, 30 Nov 

15, 16, dc 31 

1790 

beb 1 6 Apnl 11,5^14 Ju])3i 
[Sep 2 & 3 Dec. ii Sc 1^ 

79 ^ 

Jan 2,4Sc3 Feb 11,156^18 
Mar 21 May iB, 20, 22, 23, 
& 25 June 12 Sc 2 1 July 5 
Od 8 is: 24 Nov 5, 16 ^ 28 
' 792. 

Mar 7 May 1 Sc 2 fune 30 
|Sep.20&2i Od.18 Nov 15. 


N B The winds that bring hail-lhourerfi are always SW, 
W, or NW, in thele places, and tlie baiomettr is gcuctally 

low. 


In order to difcovei what particulai months or fe ifon of 
the year, is moft liable to thundei-llorms and had-flioweis, 
we have colleded the feveral obfervations, at both plaeib, m 
each month of the year, into one fuin, and pl.iced them below# 

Jan Feb Mar. Apr, May June July Au^* Sep. Od* Nov Dtc# 
Thunder 1003 75^^7 42 o i 

Hail 11758116 2 I 67 713 
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SECTION SEVENTH, 

Ohfervations on the Winds. 

I Have before obferved, that my obfervations 
on the winds refer them all to 8 equidiftant 
points of the compafs, and to 5 degrees of 
ftrength, marked 0,1, 2, 3, and 4, refpeftively, 
Mr. Crojihwaite has referred them to 32, or the 
whole number of points, and to 12 degrees of 
ftrength ; but I have reduced his obfervations to 
agree with my own, in order to prepare the fol- 
lowing table of comparifon. 

The obfervations af both places were made 
three times each day, namely, morning, noon, 
and evening. 

It may be obferved, that the high winds do 
not in general differ materially, either in ftrength 
or direftion, at Kendal and Kefwick, as might 
be expefted from the proximity of the places ; 
but when the wind is moderate, there is often 
a difference in direction ; probably the moun- 
tainous fituations of the places may have fome 
influence in this laft cafe. 

Here follows Tables containing the number of obferva* 
tions 'Oil the winds each year^ 'in all the difFereiit direfliioBS® 
at both places. 

WINDS 



Obfetvaiions on the IVtncL. 

WINDS AT KTNDAL, 


Years 

N 

NE { 

E 

SE 

S 

SW 

|w. 

NVV 

Numb 0*5 

Obft j V It’ } 

1788 


139 

40 

79 

91 

[S6 

84 

' "sT 

837 

1789 

94 

n8 

38 

49 

94 

309 

76 

46 

824 1 

1790 

100 

195 

17 

21 

25 

3^9 

137 

47 

871 i 

1791 

62 

259 

t6 

33 

19 

440 

138 

50 

1017 ‘ 

1792 


294 

33 


35 

472 

92 

33 

lotjj 

Total 

438 

2 

144 

206 

264 1 

iii^i 

5-57 ' 

26^ 

-1583 ^ 


WINDS AT KESWICK, 


Years 

N 

NE 

E. 

SE 

S 

SW 

W 

NW 

INuitj!) oI 
iCbfi. i\ It 

1788 

46 

50 

158 

98 

137 

105 

2 3S 

1X3 

947 

1789 

53 

47 

150 

120 

sHo 

146 

21 I 

119 

S 026 

1790 

32 

62 

H 3 

105 

134 

^74 

^37 

S9 

976 

1791 

44 

73 

133 

66 

117 

225 

257 

r >7 

982 

1792 

49 

84 

139 

88 


2M 

219 



Total 

224 

316 

723 

477' 

732 1 

86 5 

1162! 

437 



To thefe tables we fhall fubjoin an account ofihoH 
on which the higheft winds pievaiJcd, at one oi both jdaces 

Higheji winds ^ marked 4, at Kendal cmd Kefwick^ 

1788, 

%% Jan. 19 March 16 April i and 3, Dec. 26 and 27^ 

t 

17890 

Jan* 13* Feb 2, 3, 4, 11, ij, and 24 061 :^ Nov 
Dec. 15, 18, 19, 20, 24, 2 jf and 30 

179O0 

Jan IS, Feb. 12 and 26 Mitich 10. June 19, July ^ 
20, and 21. 0 £t sz, Dec, ij and 2^ 


I 79 « 


4 ^ 


Qhfervations on the Windh 

1791. 

Jaa 4, 5, S, n, I2t fS* i 5 > 11 , x8, 19, 24, 25, 29, 
— N, B Thefe winds were all W or SW except 
)’i the iSth iind r9tb, SE. Feb i, ro, ii, 12, 15, 18, 
19, and 22 Nfi!ch4, 19$ 21, and 23 Mav 17 and 19* 
June iG Otil. 20 Nov 9, Ilf X 2 f 19, 26^ and 27 Dee ij, 
13, and 25 

1792. 

Feb 2 Maicb 1 8 Apul 2, 1$, 22, and 23. Sept, la 
Od I, 2, 3, and 31, Nov i8, 19, 20, and 2t. Dec, 4, 5^ 
G, 9^ 10, J I, 18, 20, 22 , and 23, 

In order to dele inline what months of the year aie moft 
liable to hi^li winds, wc have found the amount of the 
number of days m the fevcral months, on which the higheft 
winds were obfcrvcd, according to the above account. 

Jan Feb JMir Api- May June July Aug Sep. Nov Pew 
18 17 8 i 2 2 3 O I 7 12 24 . 


SECTION ElGHm 

/ic count of the firjl and loft appearance of 
Snow^ each winter-, the Frojl, Snow, fe~ 
verity of the Cold, Ssfe. 

M ost people know that fnow firft appears 
m general upon the mountains ; and the 
higher thefe are, all other circumftances being 
die iarae, the looner theii furamits are covered 

H witk 


^0 Account of Trojf, Snoiv, ts^c. 

with fnow, if they cxctcii .i certain height (which 
vaiic!> with the Iatittu‘«.) iin’w coiUinueR upon 
them all the yt.ir round, oi i*' j'ttfulual ; but this* 
IS. not the uilc with any uun'Mtain.s in Enghind. 

TIic Iniihcft inouptaiub !c>r lioin Kendat <irc 
to till NW aiiJ do not < \u ctl (i oi ^ iunulred 
y,i’ds m height, as has Inn ohicivcd, it is 
thcla ot coil k lii.it aic n.it tojiii. d unh fnow. 
Tht mount Aiii!. in the utighbouThoud of KtJ-^uck 
are luueh highei. 

The firll appeal aticc of hoar jxfh nuh avi* 
tumii, has beni.pixtty cau'u!!} noted, hu^ the 
>a(t appe,ir.iiice ol it, in tin. f] ting, h.is imt, it 
being inconvenient .it that kalon to make ub- 
iervations previous to the uliii;> o[ the !un 

The dates of the dillercnt npp.ai.nKes follow 
for each jeai, together v.th ttie .m .in turns; 
or, thole tiims bitoic or ahu i.lneh, upon ,m 
equality of chance, the tocius in ly be expetted 
in future. 
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account of Ffq/% Snow^ 

1788. 

IN the beginning of this year thtre was very little froll 
•r fnow , the moft fiiow was on the 7th of March, being 
above 2 inches deep, borh at Kendal and Kefivick. 

In the beginning of December the fioft fet in, and con- 
tinned for 5 weeks , the mean Hate of the thermometer for 
which time was 28*^ , and at the end of it the froft had pe- 
netrated 1 6 or 18 inches into the ground. — Above 3 inches 
of fnow fell on the 3 1 ft. 


1789. 

Not much feveie froft: after the middle of January — 
Snow on the 14th and 21ft: of the fame Much (now from 
the 9tli to the i4tli of M neb , about 6 inches deep, at an 
average, both at Kendal and Kejwicl 

Froll in Novenibeii, veiy little in December, 


1790. 

Little either froft or fnow, in the beginning of the year. 

On the 17th, 1 8th, and 19th of December, r^uch fnow, 
4^ inches deep, at an average, at both places. 

1791. 

But little froft or fnow in the beginning of the year 

On the 8th, 9th, and loth of December, a very great 
quantity of fnow , the average depth, at Kendal^ was 1 1 
inches, which was the gicatcft obfeived there for 24 yeais 
paft , the average depth at Kefwici was about 8 inches 

It was on the evening of the fucceeding day,, the nth, 
that the extreme of cold took place , the air was clear, and 
the wind from the N. but very moderate , the barometer 
was 29.75 > nfing before this event, and it fell 

afterwards. At KendaU the thermometer at P. M. was 
~ 6®, upon the fnow; afterwards it fell to — 10® , in the 

H 2 morning 



Account of FroJlj Snow^ Xsfc, 

morning of that day it was 15°, and 20° at noon. During 

the exticme cold, 3 prodigioully denfe mift was earned from 
the river into the town, in which the thermometer fell no 
lower than 3*^, whilft it was — 10° to the N. of the river, 
and the air quite clear. The next morning the thermo- 
meter was at 18°, and the day windy, with Ihowcrs of 
fnow, hail, and ram. 

Probably the cold at Kefwtck was as extreme as at Kendah 
Mr Crojlhwaiie*^ loweft obiervaiion was 6® ; but the proxi* 
amity of hit> thermometer to the houfe, might be a means of 
peeping up the temperature in fi^ch an extremity as this^ 


1792. 

Strong frod the feoond week in January 
Little ftoft or foow in November and December^ 


SECTION TENTH. 


Account of Bottom winds on Derwent lake, 

D erwent lake is one of thofe few which 
are agitated at certain times, during a 
calm leafon, by fome unknown caufe. The 
phenomenon is called a bottom %vtnd. 


Mr« 



S3 


Account of Bottom winds^ 

Mr. Crojihwaite has been pretty affidiious in 
procuring intelligence refpeSing thefe pheno- 
mena, and in obferving any circumftance that 
might lead to a difcovery of their caufe; but 
nothing has occurred yet that promifes to throw 
light on the fubje£t. 

N. B. The lake is near Kefwick. 

The following u an account of the times and cir» 
cumjiances of the feveral ohfervations. 

1789. 

April 30 Fiom 8 A. M. till noon, the lake pretty muck 
jigitated 

Auguft 9. At 8 A* M* the lake in very great agitation^ 
^hite breakers upon large waves, &c, without wind, 

Augult 27. At p A M. a fmall bottom wind, 

1790. 

June 20 At 8 P, M a bottom wind on the lake# 

Oftober ii. At 8 P. M a bottom wind on the lake, 

December 1. At 9 A. M a ftrong bottom wind on the 
lake. 

1791. 

The phenomena that took place this year, If any, were 
^ot noticed. 

J792. 

0£lober 28. At 1 P. M. a bettom wind 5 the water 
much agitated# 


SECTION 
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SECTION ELE'VENTH. 

Account of the Aurorae Boreales feen at Ken- 
dal and Kefwick. 

T he aurora borealts, or that phenomenon 
which m England is called the Northern 
lights, or Jlreamers, has appeared frequently to 
all the northern parts of Europe finte the year 
1716, though It feems to have been a rate phe- 
nomenon before that tune. 

Sometimes the appearance is that of a large, 
ftill, luminous arch, or zone, refting upon the 
northein hori?:on, with a fog at the bottom ; at 
other times, flalhes, or corufcations, are feen 
over a great part of the hcraifphere. — We fhall 
deferibe the general phenomena more at large 
in the eflay on the fubjed, in the fecond part of 
this book ; and particular obfcrvations will be 
given at large m the addenda to this ledion. 


Explanation of the following Lift. 

IN the firft column we have given the month and day 
•n which the aurora was feen , in the fecond, the hour 
P M. , when no hour is mentioned, it is to be underftood 
to have happened between the end of the twilight and 10 
o’clock. The third column contains the moon’s age at the 
time, or the number of complete days bftwutt the change 

and 
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and tlie ainotA , th< fourth contains the days in like manner 
betwixt tilt- JdJI and tht. <i?jn)ra ^ the r^afons for thefc two 
columns will .M)pLui in the EfLiy In the hfth column we 
have It icteii/ed the nutora^ by one oi more words 
dtnotLb th^ noiilietn hoii/ontal aich , and aClive^ denotes 
thole appearances when diitindl flaflKs and coinfcition# 
wore fecn but this diiliu^fion was not always attended to^ 
and if It Iiad, the aura a often exhibits both appear uicls at 
the fcime tune , guimly denotes a large difplay of ftreamer® 
ovei ^^f 1-ht^ hemdphtre, high, denotes near the 

zenith, and /(9w, near the horizon, apparently 

N B. The dates of thofc obfervations not Ct aradieiizedfl 
I leceived fiom a fiiend, they may be depended on aar 
antlientic 

A Ltjl of the Auiora: Boreales obfsived at Kendal 
and Kclwick, for 7 years^ namely fiom May 
1786 to May 1793, iogithcr with the moorhs 
age at the rcfptdive times of ohfer’vatton, 

N. B. For diftindlioii’s fake have marked all thofs 
that weie obhived at both places with 2 , and thofe obfeived 
at Ktfimcl only, with I , the reft were obfcr\cd at Kcnda! 
only — Thole marked i>, were donbttul obfcrvationd, Irom 
twilight, ui other caiifes* 
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General ohfervations on the Aurora before Oblober 

13, 1792. 

IN making obfervations upon any phenomenon in nature, 
with a view to afeertain its chufe, every particular circum- 
ftance (hould be attended to ; for, though many may be 

1 2 found 

• A tmp of the fuwdittg ones wiE be flvci^hexeafter.. 




£o Account of the Aurora Boreales^ 

found afterwards to be trivial, and of little or no moment itr 
leading us towards the difcovcry, yet fome one or other of 
them generally happens to be of importance It wiU be 
feen hereafter, that the exadl bearing nnd extent of the large, 
ftill, horizontal arch of the aurora^ and the point in the hea- 
vens to which the corufcations tend, are amongft the cir- 
cumftances of much importance in the inveftigation of its 
eaufe, Thefe circumllances, it mull be confefled, were not 
accurately noticed, either at Kendal or Kef^tch^ previous to 
the middle of 0£l:ober, *79^ 

As for myfelf, the only minute I ufually made upon the 
aurora was, that it was iituate in the NW by which I 
meant that its centre was between the N and the W. withi* 
out once attempting to afcertain the exadi bearing of the 
centre , and the coronaj when there was one, is often men- 
tioned in my notes, as being fouth of the zenith, but the 
number of degrees was not afcertained. 

Mr. CroJth<u 3 attei however, has been rather more particular 
at times with refped to the bearings, extent, &c The 
centre of that on January ID, 1788, he obferves bore NNW ; 
that of the 28th of April, NW. b N ; the centres of all 
the reft are faid to have been between the North and Weft, 
or elfe North , not one was obfeived tp have its centre to 
the {)aft of the meridian. 


N Th additional olfemations on ihe Aurora^ hegtnntti^ 
nviih that on ihe lyh of OSoher^ ^79^9 he given efter tlie 
netii Sedfon, 


SECTION 
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SECTION TWELFTH, 


0 « Magne ftfm^ and the variation of the Needle^ 

I N order to underftand the additional obfer- 
vations, and the fubfequent ElTay on the 
aurora borealis, 21. competent knowledge of mag- 
netifm is req.uifite ; and as the principal fafts 
relating to that fubjetl are few and iimple, we 
have thought it would not be ainifs to ftate 
them here, for the fake of fuch as may not be 
previoufly acquainted therewith. 

The l.oadjione, or natural Magnet, is a mi- 
neral produ£t:ion, found in the bowels of the 
earth, ainongft rich iron ores, of which it is one 
itfelf ; its diftinguifliing property is that of at- 
tradling iron and fteel. This property, which is 
called magnetifm, is communicable to Jieel only, 
fo as to be permanent 5 and to iron when within 
the influence of a magnet, but as foon as the 
magnet is withdrawn, the magnetifm of iron 
seafcs. 

Every magnet has two oppoCte points or ex- 
tremities, called its poles ; the one is denomi- 
nated its north pole, and the other its fouth pole ; 
and the attraftipn of the magnet is ftrongeft at 
its poles. 

If 



^2 * Qn Mapisujm^ Ltc. 

If an oblong bar ol: tempered fteel (it tviU 
anfwer well it 5 inches Ions’, haii an inch bioad, 
and a quarter ot an inch ihitk) be nibbed qvei 
from one end to the othci, alwa)s tlic lame way, 
by either pole of a magnet, it will be tonvtrttd 
into a magnet itlelf , and that end to which the 
pole was firft applied, will be a jiole of the new 
magnet, of the fame name as tht gtneiatiiig 
pole. By rubbing the new magnet the contrary 
way, with the fame pole, its nugiutifm will be 
firft deftroyed, and then hci'h magiietilm will 
be communicated; but tht poks ot the* new 
magnet will be of contrar) names to what they 
were before. 

Either pole of a magnet attrads iron, or ftce*! 
not magnetic; but the* pole* of onennagmt, re- 
fels the pole of another magnet, of the fame 
name, and attraiis the pole ol a contrary name ; 
the repulfion in the lonnei cale* feems to be 
equal to the attradion in the latlet. 

Magnetifm is fometimes comniunicated, de- 
ftroyed, or inverted, by lightning, or by an 
eledric ihock, &c. 

If a magnetic bar, or needle, be fuffeied to 
move freely in an honaontal plane, it will only 
reft in one pofition, when the north pole points 
northward, and the fouth pole fouthward.-— 
Hence the common needle and compafs, which 

wat> 



was invented about the beginning of the 14th 
century. 

If a plane perpendicular to the horizon be 
conceived to be drawn through the horizontal 
needle, when at reft, it is called the plane of the 
magnetic meridian ; and the angle made by this 
plane, with the plane of the true meridian, is 
called the variation of the needle. 

If a magnetic needle be nicely poifed on an 
axis paffing through its centre of gravity, or 
middle, and fuffered to move freely both hori- 
zontally and perpendicularly, it will reft only in 
one pofition, namely, when in the plane of the 
magnetic meridian, and having its north pole 
pointing towards’ the ground ; the angle of de- 
flexion from the horizontal plane, is called the 
dip of the needle, and the needle itfelf in this 
cafe a dipping~needle ; its pofition is the proper 
and natural one of every magnet that is fuflered 
to be guided I'olely by the magnetic influence. 
From this phenomenon, and others of the fame 
nature, it is inferred, that the earth itfelf is a 
magnet j whether its magnetifm refults from the 
united influences of the natural magnets it con- 
tains, or whether its magnetifm may be in its 
atmofphere, is not certain ; and as poles of un- 
like denominations attraX each other, the fouth 
pole of the earth’s magnetifm mutt be in the 
northern hemifphere, becaufe it attraXs the 
north pole of the needle. 



^4 On Magnett/mi tsfe. 

The variation of the needle is very difFeienj 
at different places of the globe, and even at the 
fame place at different times , in thefe parrs it is 
at prefent wefterly, and is increafing every yeai , 
the variation at London in 1580 was 11® 15' E 
ID 1657 It was o® o'; at prefent, 1793, it 11 
about 2a“i W. and increafes nearly 10' each 
year. From the refult of feveral obfervations I 
find It to be a j® W. at this time, at KendaL 

The dip of the needle too is very different at 
different places, and probably at the fame place 
at different times ; bur, for various reafons, the 
obfervations on this head are neither fo nume- 
rous nor fo accurate as thofc of the variation. 
It feems at prefent to be about 72® at London, 
according to Mr Cavallo , and there is reafon to 
fuppofe, it IS not many degrees diffeient in any 
part of England , for want of proper inftrumerts 
I have not been able to afeertain it at this place. 

Befides the annual change in the variation 
of the needle, there is a daily change, or varia- 
tion of the variations. According to Mr. Canton, 
who made a feries of obfervations on the daily 
variation for a long time, the north pole of the 
needle moves gradually weftward till 2 or 3 
P. M. and then returns gradually to its former 
ftation ; the mean daily variation in winter is 
about 7% and in fummer about 13'^ He more- 
over obferved, that the needle was difturbed 
when an Aurora berealtt was in the atmolpbere. 
„ I have 
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I have myfelf made a like feries of obferva- 
tions for fome months, and find them in general 
to agree with his ; but as it is not neceffary for 
my purpofe to relate the refult of them, any fur- 
ther than what is contained in the fubfequent 
pages, I fliall not detain the reader longer on 
the fubjed. 


Addenda to the Obfervations on the Aurora 
Boreales^ 

1792. 

OCTOBER 13* At A. M. . frequent gleams. 

P. M. hazy ; from 4 till 8 rainy, at which time the clouds 
to the fouih were remarkably red, and afforded fufficient 
light to read with, though there was no moon, nor light in 
the north. The unufual appearance raifed my curiofity, 
and I waited with impatience to fee the clouds carried off 
to the SE. (for the wind was W. or NW. and pretty frefh). 
In the mean time, having by me a very good theodolite^ made 
by DoUond^ I took it out to make obfervations on the bear- 
ing, altitude, of any remarkable appearance. 

From 9-r^o 10 P, M. there was a large, luminous, hori- 
zontal arch to the fouthward, almofl: exactly like thole we 
fee in the north ; and there was one or more faint, concen- 
tric arches northward, — It was particularly noticed, that 
all the arches feemed exadlly bifeded by the plane of 
the magnetic meridian. At half paft 10 o’clock, ftr earners 
appeared very low in the SE. running to and fro from W. 
t» E, they incrcafed in number, and began to approach the 

K zenith. 


Addenda io ihd 

ze nth, apparently with an accelerated velocity ; virhcft, all 
on a fadden, the whole hemifphcre was covered with them^ 
and exhibited fueh an appearance as furpaffes all defcnption, 
—The intenfity of the light, the ptodigious number and 
volatility of the beams, the giand inlerniij.turt of all the 
priimatic colouio in then utmott fplendoi, vat legating the 
glowing canopy with the mod luxuriant and enchanting 
feenery, afforded an awful, but at the fame timt^ the mod 
pleafing and fiibhme fpedfacle in nature Lveiy body gazed 
v.rh adonifhmeiit, but the uncommon grandeur of the feene 
only Lifted about one minute , the variety of colours difap* 
peared, and the beams loft their lateral motion, and were 
conveited, as ufua!, into the flafiung radiations, but even 
then It furpiffed all other appeal ances of the aurora^ in that 
the ^jjhole hemifphere was covered with it. 

Notwitbftanding the fuddennefs of the effulgence at the. 
breakmg out of the aurora^ there was a remarkable regula- 
rity ob{erv->ble in the manirer — ^Apparently a ball of fire ran 
along fiomE toW and the contrary, with a velocity fo great 
as to be but barely diftinguifiiable from one continued train, 
which kindled up the feveral rows of beams one after ano- 
ther; thefe lows were fituate one before another with the 
exadeft aider, fo that the bafes of each row formed a circle 
eroding the magnetic meiidian at right angles, and the fe- > 
veral circles i ofe one above another in fuch fort that thofe 
near the zenith appeared more diftant fiom each other than 
thofe towaids the horizon, a certain indication that the leal 
diftances of the rows were eithei nearly or exactly the fame. 
And it was further obfcivable, that duung the rapid lateral 
motion of the beams, thur diiedfion in every two neared 
rows was alternate, fo that whilft the motion in one row was ‘ 
from E to W. that in the next row was from W. to E 

The point to which all the beams and flafhes of light uni- 
formly tended, was in the magnetic meridian, and, as near 
as could be determined, between 15 and 20^ fotith of the 
zenith — The aurora continued, though diminidiing in fplen- 
4 or, for feveral hours There were feveral meteors (falling 



Qbfervaiions on the Auroree Boreaks. 'Sy 

ftars) feen at the time; they feemed below the aurora, and 

unconiieaed therewith It was feen at Kiifwick, Lecds^ 

See. with much the fame circumftances ; but how' far it ex- 

tended I have not learned. 

The variation of the needle during the aurora^ was not 
noticed. 

October 14. I did not notice the aurora myfelf this even- 
ing ; there was thunder and lightning, both here and at 
Me/wldy at the time of the aurora* 

Odlober 18. At Kendal. The Uurora this night was ait 
oblong, luminous cloud, about 15 or 20'^ long, and 4 or 5* 
broad, bearing about SE. by E. and 10 or 20" above the 
horizon ; its fouthern extremity was higher than its northern, 
and it evidently lay in the tradl of a great circle from E. to 
W. — It difappeared feveral times, and reappeared again al- 
moil inflantly ; and ieveral times waxed and waned without 
vanifhing ; no radiations fiiot from it. 

Odlober 23* At Kendal. The aurora this evening ap- 
peared as an arch in the north-wefl quarter, from wEich 
proceeded feveral beams; they converged to a point on the 
magnetic meridian, about 18° beyond the zenith. 

October 31. At Kcndah A few beams were feen to niu 
to and fro from E. to W. low, or near the horizon : the 
moon flione bright at the time, and the clouds coming' on, 
loon after, the whole was obfeured* 

November 19. At Kendal, the particulars of the obfer- 
vation were miflaid ; at Kefwick, the aurora rofe to about 
above the horizon, and was fitiiate in the uiual qiunicr. 

Decerabt'r 7. At Keiwick, a faint appearance : about 
3- high. 


^ 793 - 

January ii. At Kendal, a fmall arch in the liorizon ;■ it 
rofe^to 5 or altitude, and was bifeaed by tiic magnetic 
meridian, ^ 

January u. At Kendal, from 6 to 9 P. M. a horizontal, 
luminous arch, 20*^ altitude, and bife<!:ted by tire magnerio 

^ meridian. 
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meridian After 9, fiae ftreamers ftruck out, and ran to^ 
and fro a while acrofb the faid meiidtan, and then weie con^ 
verted into flalhes, as iifual; feme lofe up to the zenith 
The point .of convergency, and cvei7 other particular, 
to all appearanced, the fame as have been defcribed before. 
The needle was conliderably agitated at the time* 

January 13. At Kendal, very bright in the northern ho- 
rizon, but clouded above* — ^The variation of the needle at 6 
P. M. 25“ W , at 9 P. M. 24® 34"; at 10 P. M 24® 54'; 
aext morning 25 ° 4 

February 8 At Kendal, bright northward at 8^ P, 
at 10, the luminous arch was 16® altitude* — The other cir- 
•umftancea relating to it follow, fuppoling the variation of 
the needle at the noon of that day 25 ® W 
Vanation of 
H M the needle. 

10 — P.M 25® o' W the arch riling 

10 10 — 24 54 — bright ftreamers, low, with clouds. 

10 30 •—— 24 42 — • ftreamers rifen * line, weftward*. 

10 35 — . 24 37 -—a ftill light, clouded above. 

10 45 24 57 — ■ blight, eaftward ; clouds above 

10 55 25 7 — light equal, eaft and weft 

11 5 — 2J 7 — bright, low, clouded above. 

II rj I 24 57 — clouded, but bright eaftward* 

It was related to the magnetic meridian as the former ones. 
February 12 At Kendal, the aurora appeared foon after 
6 P, M darning over two-thuds of the hemifphere* The 
beams all converged to a point in the magnetic meridian, 
about 15 or 20® to, the fouth of the zenith, as was found 
from frequent tiials — ^The othei paiticulars follow. 

H M Variation. 

5 — P.M 25® 5'W. 


■ 24 49 
' 24 SS 

.35 — 
• 25 28 

25 I 2 


BY' 


altitude of the cleai fpace fouth 35*. 
alt.of do. 20® , fti earners bright, eaft; 

/ ftieamers biight and adlive all over 
f the illuminated pai t. 


a 


^ That IS, relative to the magnetic mendisa, here and elftwhei^. 
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H. M. Variation. 

•7 10 P- M. 24^40'’ W. difappeared in the weft; adive, eaft* 
,7 15 24 40 — 

7 20 — — 24 35 — adive about the zenith; light faint 

7 25 — 24 45 — light faint. 

7 35 24 45 — light faint 

$ 24 45 — ftrong light northward* 


9 

9 

9 

so 

lO 

10 


10 ' 
35 • 

15 ' 
20 ' 
30* 


15 ' 
35 • 


" 24 45 
- 24 47 

-24 43 
" 24 43 
. 24 50 
.24 55 

• 24 57 
. 24 40 




a large, uniform, ftill light. Govern 
ing half the hemifphere, with 
llalhes now and then. 

- ftreamers NW. bright, eaft; clouds* 
* the aurora burfting out afrelh. 

} as fine and large a difplay of ftream« 
ers, as has appeared this evening* 

} the light growing fainter' and; 
fainter. 


8 — A.M. 24 57 

N. B. Tlie arch bounding the aurora to the fouth, was; 
always at right angles to the magnetic meridian, when 
perfedl. 


At Kefwick, the fame evening ; 7 P. M. ftreamers from 
ENE. to WSW. and 28*^ paft the zenith ; perpendicular 
beam bore N. 17® W, — At 9h 25m very fine; they con- 
verged to a point 15° f#uth of the zenith, bearing SSE. — ■ 
Altitude of clear fpace 30"^. The perpendicular beam N* 
35° W.; extent on the horizon frqm ENE to WSW.— 
At I oh 30m they were fettled in the northern quarter into 
an arch of 13® altitude, whence ftreamers (hot up towards 
the . zenith* 


February 17. The aurora of this evening was fee n both 
at Kendal and Kefwick, and, as far as the eye could judge, 
the appearances feem to have been the fame at both places- 
—it was a luminous arch, the centre of which bore SSE. ; 
and it was extended in the oppofite diredtions of ENE. and 
WSW. : on the weft fide its extremity feemed to touch the 
mountains at both places, at the altitude of 6 "^ ; and on the 
eaft fide it extended about half way to the horizon. The 
cailern end was rather €valii<^>rm, about 8 or i<if® broad, and 

where 
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w/Kie It joined to the left, was narioweil of all, being but 
i O’- 5*^ broad, and bearing SE , aftei which its breadth 
incre-ifed towa-ds the welt, being in fome places 6 or 8®. 

fihe Iky was clear, a.id there was no appearance of an 

aurora in the north, except two oi three fmall llreameis at one 
time, quite in the hori/on The caftern end of the arch 
waxed and waned fitqiient]> , and fometinies entirely vanifti- 
cd, and then reappeared again, in the fpacc of a few feconds. 
About a quarter palt lo itgJwW faint, and linally difappeaiecK 
It did not ftnfibiy vaiy in pofition dining us apptaiance, 
and juft before it vannhed, itb fitiiation amongft the ftars, as 
feen from Kendal, was as followb — the fouth edge of the 
arch Teemed to touch pierty txatftly the ilai /ucida co/Iu op 
^atnma Leows^ to pals 4 or 5° above Ptocycn, thence thiough 
the middle of the cunftellaiion Onotiy leaving his bright foot, 
R.gsl, 2 or 3° to the fouth. 

From thefe obfervations it refults, that the greateft alti- 
tude of the edge, at Kendal, muft have been about 53* 
Mr Crqftirdjaiie found the gieateft aliitude of the faid edge, 
at Kefvvick, to be 48'^* The diftancc of the two places, as 
has been obferved, is about 22 Englilh miles, and it fortu- 
jiattl} happens, that they lie very neatly m the diredlion of 
a plane at right angles to the arch ; hence, vve have the re« 
quifite data to deteimine the height of the arch, which, by 
trigonometiy, comes out 150 Enghlh miles. 

The paialla(?^ic angle being fo fmall, an error of i Or 2^ 
iR the altitudes, js of gieat conlequciice — Mu Crq/ihquaile 
thinks the erroi in his oblervations could not exceed 
as the light was fteady at the place wheje the altitude was 
taken, — Admitting the errois amounted to 2° at each place, 
which exceeds the bounds of probability, and that they weie 
contrary , we ftiall then find the height 83 miles in the one 
•afe, and 750 in the other, which may, 1 think, be fafcly 
conlidered as boundaries, betwixt which the true height 
was, and hence it may be infcired, that the arch would he 
vifible to all Gt eat^Bntatn and Jt eland, that it is much to be 
wiihed, fome pci Ions 19 mqic diilant placesg may have made 

ftmilat; 
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lirnilar obfervations upon the phenomenon, by winch ifs 

height m'Aj be determined with more precifion In the 

mean time we ihall conilder it as 150 Engiifh miles. 

March 5. The aurora at Kendal was feen at 8 P. M. ; it 

was a bright 11 ill light a while, but /oon clouded.' The 

needle was not attended to. 

Maich 6. At Kendal, a few fine ftreamers at 9 P. M, 
altitude 15'^^ and extent along the horizon 70® ; exactly bi- 
feded by the magnetic meridian. It foon dwindled into a 
faint light. At 9h 35m brighteil on the northern fide.— ^ 
The needle was 25^ at 9h 4m,— 24^^ 58' at ph 14m,— 24® 
50' at 9h 35m,— 24^ 55- at loh 3001,-24° 52' at S 
the next morning. 

March 13. At Kendal the needle was at 8h 30m 24° 30'^ 
—at loh 30na 25° 4 ’ — 8 next morning 25° 4^— 
There was a brightnels northward at 10 P. M. but prettv 
much clouded; this circumttancc, with that of the needle 

rendered it probable an aurora was in the atmofphete.-. 

It was confirmed by the following account. 

At Kefwick, the fame evening, at 8li i8m a horizontal 
arch, extent from NW. by W. to NNE. with faint ftream- 
ers; the arch 20°, and ftreamers 25° altitude; the vertical 
ftreamers bore NNVV. At 10, an arch from WSW. to 
Its greateft altitude 30*^ t no llrcatriers. 

Match 30. At Kendal, at 8 P. M. there appeared fome 
faint concentric arches of an aurora ; it was not further no- 
ticed till, 


H. M. 

Variation. 


8 35 R 

M. 25° 5'W. 

a grand horizontal arch, altitude 

8 40 — 

— 25 25 — 

ftreamers to 30° paft the 'zenith. 

8 48 *“*■ 

— 25 5 — 

bright eaftward. 

8 55 - 

25' 5 _ 

ftreamers faint. 

9 — ~ 

— 25 . 5 — 

denfe light north; rare above. 

9 5 ~ 

— 25 10 — 

ditto 

9 10 — 

— 24 55 ^ 

bright weftward. 

9 15- 

— 24 55 _ 

a line, perfeft, horizontal arch. 

9'20 — 

— - 24 55 — 

altitude ©f its upper edge 30°* 


H. 
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H. M. Variation. 

9 30 P. M. 24^30' W. ftreamers up to the zenith. 

g 24 35 — difperfed, and not fo higha 

p 24 5B — faint light 5 brightell eaibvard. 

p ^2 24 45 — 

24 42 — light ; haze below. 

jQ IQ 24 42 — haze rifen 5 light fainter. 

— clouds rifen ; light almoil vanifhed. 

2q — 24 45 — clouds more lifen. 

j I I ^ 24 45" — feveral fmall clouds cover the hemif- 

[phere- 

There were feveral fine, perfect, concentric arches north- 
ward, during moft of the time. — /It 8h 48m one fine arch, 
the altitude of its under edge 10°. At 8h 55m. two perfed 
arches, altitude of the higher I2% with a fine edge. At 
9h feveral concentric arches, one with a fine edge, altitude 
11®. At ph 5m one of the upper arches with a very bright 
edge, its altitude 13*^ ; the bafes of the ftreamers compofing 
it of very denfe light, and rare above. At 9h lom its alti- 
tude 13 or 14°. — At ph 15m the upper edge of the large 
horizontal light feems now as well defined as that of a rain-* 
bow, its altitude 47^^, and that of the under edge lo®* 
At ph 20m altitude of upper edge 30°. 

The arches were all at right angles to the magnetic meri- 
dian, and the beams had their ufual convergency. — At one 
time feveral fmall ftreamers formed a corona upon the mag- 
netic meridian, the centre of which was determined by a 
good obfervation to be 72® from the foutb. 

The ilcy was free from clouds till the laft. 

At Kefwick, the fame evening, at 8h 20m there were 
bright ftreamers WNW. — At 8h 28m they had fp read from 
WSW. toENE. ; altitude of the arch 14^5 vertical ftream- 
ers bore NW. by N. At 8h 35m ftreamers 43® paft the ze- 
nith^ ; previous to this there were at one time three con- 


* By the obfervations at Kendal^ the aurora was 30® paft the zenith at 
Sii 40m, and 4lie clocks-' feeing coEi'e^ed at both places, h as to be near 

the 
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centnc arches northwaid, fet with bright ftreamers, which 
had a very quick lateral motion; the under edge of the 
highett was not more than 14° high* At ph 6m the alti- 
tude of the faid arch was beaung NW i N , ftream- 

ers ihort, being only 5° higher than the under edge; hori- 
zontal extent of the arch from W. by N to NE. 

April 5. At Kendal, a fmall bluftiing of light, exadly in 
the magnetic north, at 9 P M , it foon faded away. 

The difturbaiice of the needle was imperceptible 
Apul 9. The aurotu was firft feen at Kendal, at 9h 50m 
P. M being a fmall blufhing of light m the magnetic north. 
At loh the arch nfen to 6 or 8® of altitude, with ftieamer# 
from 3 or 4 to altitude, and a mift below , the reft of 
the fley was extremely clear, the light was denfe at thd 
under edge of the arch. At loh 25m bright and adivc 
weftwaid, the mift below — Soon aftti, uncommonly ad'll ve 
ftreamers, veiy low , the light feen denfe through the mift. 
At loh 35m the mift vanifhtd , the aurora rather larger^ 
and dullei At nh a laiger arch, altitude lo®, with mift 
below , no ftreamers, the light being ft ill and uniform. At 
iih lom ftreameis very adtivc, then piogrefs ftemed down, 
®r northward. 

The needle was not fenfibly difturbed all tlie while. 

At Kefwick, the fame evening, a faint light at 9h 45^1. 
—It was 7° high at 9h 54m, and the highelt part bore N. 
by W. ^ W , one minute after, bright ftreameis from NE. 
to WNW. the greateft altitude of their bafe 5'^}, the bear- 
ing of the fame NW, by N. ^ N* — Fiom this to loh 3Qm, 
blight ftreamers at intervals, low in the NW quarter* — 
After I oh 30m grown faint ; horizontal extent from WNW. 
to NE. by N. 

April 14. At Kefwick, about midnight, or foon after, a 
ftill, honzontal light, altitude of the under edge 5®, of the 
upper edge 9^^; bcaiing of the centie NW. 4 N« 

L GENERAL 

the true folar time, it is prt Aimed this obfeivation would be almoft cotem- 
porary with that at Kendal ».. . ..Now^ Aappoling tins to be the cafe, tlie 

height of the aurora^ or of the lower extremity of Uie beams, will be foun 4 
equal to 6a EngUAi miloi*. 



Addenda to the 


74 

GEKERAI. OBSERVATION!; 

IN order to determine tlie bearings of the middle or 
higbeft part of the arches of the aurora^ I placed myfelf in 
a ftation where I had a diftant objeff before me, in the 
diredfion of the magnetic meridian, and I always found the 
liighefh part in the fame diredfion as this objedt a devia- 
tion of 2 or 3® would in molt cafes have been very fenfible. 
—Sometimes, to confirm the obfervation, equal altitudes of 
the arches were taken on each fide of the magnetic meridian^ 
•with the theodolite, and the horizontal angle divided into 
two equal parts, which gave the fame bearing of the centre 
as the other method. — It does not, however, always happen 
that the horizontal arch, efpecialiy when high, is perfedi 
and complete. 

The ftreamers, or flafhes, which pointed up, or perpen- 
dicular to the horizon, were only thofe in the magnetic me- 
ridian, as well fouth as north of the zenith. 

The altitude of the centre of the corona^ when there was 
one formed, was taken with a quadrant and plummet, with 
as much exadtnefs as the thing feemed to admit of. 

With regard to the needle of the theodolite, which was 
ufed to make the obfervations with, it is 3 I inches long, 
and feems to move very freely upon its centre ; I have often 
tried the effedf of fridtion, by drawing it from its flation, 
and then fulfering it to vibrate till it fettled, when it ufually 
fettled in the fame ffcation within one or two minutes, but I 
have fometimes obferved it Jiue minutes of a degree altered 
in fucli a cafe. 

I have never obferved any confiderable fludliiation of the 
needle in any evening but when there was an aurora vifible, 
except once 5 this was on the I3tli of February, 1795, the 
evening of which was very wet and llormy 5 the needle va- 
ried 
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Tried as follows — the variation was 24° 57' at noon; 24® 
3 S 5 !' M , 24^" 35' at 5h 50m , 24^ 20 at 5h 58 , 

20' at 6h , 24® 48' at 6h 20m , 24° 45" at 6h 45m ; 
:24®35'at8h, 24° 47^ at 8h 30m, 24° 49' at loh 30m ; 
53" S A, M, next day^ 

N B, There had been an aurora the preceding evening. 

It fliould alfo be noticed, that whilft making thefe ob- 
servations upon the difti.rbance -of the needle, during an 
07 /rorai I did not alwayh know the abfolute variation at the 
time , and therefore no inferences (hould be made relative 
to the change in the abfolute vanation> m the inteival fiom 
aurora to another, from the obfervations I have given^ 


JEND OF THE FIRST PART< 
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PART SECOND. 

ESSAY'S. 


lESSAY FIRST. 

07 t the Atmqfphere ; 'its Conjl'itution^ Figure^ 

Height^ Ifc. 

T he atmofphere is that invifible, elaftic fluid 
which every where furroutids the earth, 
to a great height above its furface. — It was for- 
merly fuppofed, that common air, or any portion 
of the atmofphere, when cleared of vapours and 
exhalations, was a pure, Ample, elementary fluid ; 
but modern philofophy has demonftrated the 
contrary, and it now appears that the pureft air 
we breathe at any time, confifts of an intimate 

mixture 
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mixture of various elaftic fluids, or gajfes, in 
different propoitions. Thofe properties of the 
atmofphere, called its falubnty and infalubnty, 
depend principally upon the greater or lefs quan- 
tity of one of Its conftituent principles, vital or 
dephlogijiicated air. — Whether the fuperior regi- 
ons of the atmofphere confift in like manner of 
various elaftic fluids, or whether the fluids are 
the fame or different from thefe below, cannot, 
from the nature of the cafe, be determined esc- 
perimentally. 

The figure of the exterior furface of the at- 
mofphere would, from the principles of gravita- 
tion, be fimilar to that of the earth, or of an 
oblate fpheroid y 01 , its height and quantity of 
matter about the equator, would be fomething 
greater than at the poles, to preferve an equili- 
libuum every where, owing to the centrifugal 
force, which is greateft at the equator. The 
denfity of the atmofphere, fuppofing it of an 
uniform temperature, and alike conftituted every 
where, would decreafe in afcendmg, in a geo- 
metrical progreflion : thus, if the denfity at one 
mile high was i , and that at four miles high i ; 
then that at feven miles high would be at ten 

miles high -J, &c. 1 fay thefe cucumftances 

would be, were it not for the fun, or the prin- 
ciple of heat which it feems to produce y but by 
means of the unequal diffufion of this principle, 
the circumftances arc very materially different. 

Thn 
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The mean annual temperature of the air, at 
the earth’s furface, decreafes in going from the 
equator to the poles. Mr. Kiruoan * ftates the 
mean annual heat at the equator at 84", and 
that at the pole at 31°. Moreover, the tempe- 
rature of the air over any place, in clear, ferenc 
weather, decreafes in afeending above the earth’s 
furface, nearly in an arithmetical progreflion, 
and at the rate of 1°, for every hundred yards. 
Experience proves this, as far as to the fummits 
of the higheft mountains, which is about 3 miles ; 
and hence it may be inferred to be fo above 
that height. 

The great heat in the torrid zone rarefies the 
air, by increafing its elafticity ; confequently the 
equilibrium of the atmofphere is diflurbed. The 
rarefied air afeends into the higher regions, 
where, meeting with little refiftance, it muft 
flow northward and fouthward j the prelTurc 
upon the northern and fouthern regions is thus 
increafed, and a current muft fet in below, to- 
wards the equator, to reftore the equilibrium. — - 
Hence, the higher temperature within the torrid 
zone, fwells the atmofphere there, and raifes it, 
or at leaf!; the grofs parts of it, to a much greater 
height than elfewhere ; whilft in the frigid zone 
it is contrafted by cold,— This is the effedb of 
the different temperatures at the earth’s furface: 
but the iricreafe of cold in afeending deftroys 

the 

* Mfiimcuc ej the temperature of different Latitudes 
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the law of decreafc* ni dcnfity above mentioned, 
and gieatly contiads the height of the atmof- 
phere, as deduced fiom fuch law; though this 
circumftance has perhaps no cffedl upon the fi- 
gure of the atmofphere. 

Philofopheis have attempted to find the height 
of the atmofpheie by two methods; namely, by 
the duration of twilight, and by experiments 
upon the defeent of the barometer on high 
mountains. The former determines the height 
about 45 miles, as tollow's : — the twilight difap- 
pears when the fun is i8® below the horizon; 
hence it is aigued,-that a ray of light emitted 
from the lun, lo as to be a tangent to the earth’s 
furfacc, after pafling through the atinolphere, is 
refleded from its external lurfacc fo as to be a 
tangent to the earth’s lurface again, at i8® dif- 
tance from the former place of contaft. This 
argument being admitted, affords data to find 
the height of the atmofphere, a proper allowance 
for refradion being firfi made. —Several objec- 
tions to this conclufion however may be ftated ; 
amongft others, it may be faid, we do not know 
whether the light, which comes to us at the 
dawn or departuic of day, has been once or 
twice refleded ; it may, and piobably does, 
proceed from the zone of the earth illuminated 
by the twilight itfell ; in this cafe, therefore, we 
can determine no more from the twilight, than 
that the height of the atmofphere, or of that 

region 
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region of it which is dcnfe enough to reflect 
Kght, is not fo much as 45 miles. 

Barometrical experiments afford a much furer 
approximation to the height of the atmofpherej 
or rather perhaps of the more grofs and heavy 
parts of it. From ihefe we are aflured, that a 
Jiratum of air reaching from the earth’s furface 
to the height of 4 Englifh miles, at all times 
contains above one half oi \\\t quantity of matter 
in the whole atmofphere ; and by extending the 
laws thence refulting, we infer, that a Jiraiuni 
12 or 13 miles high, contain^ llths of the whole : 
or, if a barometer, {landing at 30 inches, was 
elevated to that height, the mercury would fall 
29 inches. 

The following table and theorem, extradled 
from Sir George Shuckbiirgh’ & letter to Col. 
Roy, (Philofophical Tranfaffions, Vol. 68.) will 
ferve to give my readers an idea in what man- 
ner the barometer is made fubfervient to the 
purpofe; and alfo how the height of mountains, 
&c. may be afeertained by means of the baro- 
meter. ^In order to underftand the ufe of 

the table, it Ihould be obferved, that two per- 
fons are to take coteraporary obfervations, upon 
two barometers and thermometers, one perfon 
having one of each at the bottom of the moun- 
tain, and the other at the top. 
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EXPLANATION. 

This table gives the number of 
feet in a column of the atmofphere, 
equivalent in weight to a like co- 
lumn of quickfilvcr -^th of an inch 
high, when the barometer Hands at 
30 inches, for every 5° of tempera- 
ture from 31 to 80*. — For any other 
height of the barometer it will be 
in the inverfe ratio of that height to 

20 Let A ~ the mean height 

of the two barometers, m inches ; 
a = the difference of the two, in 
tenths of an inch , b — the number of feet, per 
table, corrcfponding to the mean height of the 
two thcimoraeters ; x = the height of thd 
mountain, in feet : then, we lhall “have this 

theorem, =: «, the height required. 

EXAMPLE. 

er 

Suppofe the barometer at the bottom to be 
29.72 inches, thermometer 64® j the barometer 
at the top 27.46, thermometer 58® ; required 
the height of the mountain ? 

Here the mean height ol the two batometers, 
ox A = 28.59 iiiches j their difference in tenths 

M of 

* From the table it appears, that, in round numbers, evetf 
30 yards of elevation reduces the height of the mcicuiy «o 
the barometer of an mob, neai the eaitWa fuifate. 
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fon to conclude, as will be Icen in a fubfcquent 
Fflav, that it extends to a much greater height 
than has commonly been fuppofed. 

The follov>ing table contains the rcfult of a 
calculation from the UO. mentioned tlu.c cm, of 
the height ol the mcicunal column, at certain 
elevation^., above the tqualoi, and Id-ewife over 
the north ot EnglanJy and the north pole. The 
mean heat at the earth’s fuiface, undei the c- 
quator, is fuppofed 84° ; the mean heat xn thefe 
parts, for the hotteft month of fummer, at 60°, 
and foi the coldcfi moiith ot winici at 35® , the 
mean annual temperature at the north pole 
being fuppolcd 31°, the mean tempeiauire for 
the eokieft month cl wiixtci at that place may 
perhaps be ftated at 2®. 
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essay SECOND. 

On Winds. 

W INDS have ever been coiifiiiered, with 
reafon, as having a principal llnire in 
producing changes of vvcathci^ a,nd tbcrcioic 
they demand a particular regard in meteorology. 

Mod people know that the winds are not 
every where lo changeabie as in thele parts* 
In the torrid zone, the winds are ranch more 
uniform in direclion than they are eitiier in the 
temperate or frigid zones: over the Atlantic 
and Pacific oceans, particulariy between 30” df 
north and 30° of fouth latitude, the Itade wimh, 
as they are called, blow pretty uniformly from 
eafl to well, all tire year round, with a fnKiU 
variation in the dificrent lealons. 

The caufe of thefe conflant winds, witliin the 
tropics, the ingenious and learned Ur. liaitey 
has endeavoured to explain, and hi.s explication 
feems to have been univerfully adopted by others 
fince its pubiicatiun. — 'riie cliiet phyheal prin- 
ciple he ufes, is the undeniable and w'ell known 
one, that the air, is rarefied by heat ; and, as the 
earth, in, revolving from vvelf to eall, cxpoles 
the torrid zone every day to the disedt rays of 
’ the 
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ihe fun, the earth, and confequently the air, is 
{here moll: heated ; the maximum of heat follows 
die fun, and therefore moves in a contrary di- 
rection, or from eaft to wed ; the rarefaction 
occalioned thereby diiiurbs the equilibrium of 
tile atraofphere fucceflively ; and he argues, that 
a current of air will conflantly follow the ex- 
treme of heat, to reftore the equilibrium, — and- 
tiius he accounts for the trade winds. 

It appears to me, however, that this conclufion 
is premature, and not warranted by the laws of 
motion. For, to fnnplify the conception, let us 
fuppofe a ring with a number of beads arranged 
upon it at equal diltances, and, abltraCiing from 
the force of gravity, that each of them is endued 
with a repulfive power, in the fame manner as 
are the particles ot air. This fuppofition being 
made, let the principle of heat, or any other 
power, which aCls firaply by increafing their 
eladicity, aCt upon them in one part of the ring 
more tlian in another this will of courfe fepa- 
rate tlie particles in fuch part farther titan they 
were beiorc, and condenfe the otliers \ but it 
can never produce a rotary motion of the whole 
nuniiter of tliein round tlie ring, becaufe the ac- 
tion being mutual, tlie motion generated muft 
be equal and contrary ; — or, in otlver words, no 
momentum of tlie whole mafs of particles around 
the ring, can be produced by any forces, which 
they *xcrt upon each other, agreeably to iVrw- 
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ton'y, third law of motion. — Wc liave liere ftip- 
pofed tire heat applied to one: part oi the ring 
only, but it is plain the ikme couciulion will ob- 
tain if it be a|)plied to feverai parts at the fame 
time, or luccelfively, or in any oilier manner; 
iikewife if the addition of heat produce no mo- 
mentum, the abjlrattion of it will not. 

Now to apply thi.s to tlie matter in queilion ; 
let the fun be upon the equator, and t'Uc air im- 
derneath be heated; then the air in the plane of 
the equator cannot recede Iroin that plane, t)e- 
caufe the lateral preiVure on eacli lido will be 
equal ; and the aftion of tire particles in the 
fald plane upon each other, will be in the fame 
circumftance as that of the jiarticlcs iijron the 
ring, with refpeft to any horizontal motion tliat 
may be produced in the plane by the lieat of the 
fun. It appears then, that no rotary motion of 
the air round the earth can be produced by tlie 
aftion of the fun upon the particles in tliat pbuie; 
anil by a like method of reafoning it may ire 
proved, that no fiich motion can be prodneed in 
any other parallel plane; confeiiuently, the caufc 
we arc fpeaking of, or the I'ucceilivc rarcfacbiiii 
of the air from call to well, cannot produce ilm 
effetf in queflion, nor immediately contrih!!!.- 
thereto. 

It will be aiked, if the trade wiuvls are i.i>c 
produced by the fucedlive rareiaclion oi' the 

pUUs 
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parts of the atmofpliere within the torrid zoiiCg, 
what are they produced by ?— To this it may be 
.replied, that they admit of an explanation upon 
niechaiiical principles without requiring any hy- 
pothetical reafoning, or any other pliyfical prin- 
ciple than that Dr. Halley ufes ; namely, that 
heat rarefies the air. The inequality of heat in 
the different climates and places,, and the earth^s 
rotation on its ,axis, appear to me the grand and 
chief caufes of all winds, both regular and irre- 
gular ; in comparifon with which all the reft are 
trifling .and iiifignificant. • The trade winds in 
the torrid zone, and the variable winds every 
where elfe, feeui to be the natural efFetls of thefe 
two caufes, and might have been deduced from 
them a priori^ if the fadts had never been afcer- 
tained by the navigation of the torrid zone. 
Notwithftanding, as we are in pofleffion of many 
fadts relative to the winds, it may be proper firft 
to ftate them, and then to confider how they re- 
fult from the caufes above mentioned. 

Fad:s relating to the Winds^ 

I. Over the Atlantic and Pacific oceans, as 
has been obferved, the trade-wdnds extend from 
30^ of north to 30*^ of fouth latitude. 

2# When the fun is on the .equator, the 
trade-winds, in failing 'northward, veer more 
and ' mote from the eaft towards the north ; fo 
that about their limit they become nearly NE. : 

.and 
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and, vice verfa, in failing fouthward, they be» 
come at laft almoft SE. 

3. When the fun is near the tropic of cancer,, 
the trade-winds north ot the equator become 
snore nearly eaft than at other times, and thofe 
fouth of the equator more nearly fouth : and, 
vice verfa, when the fun is near the tropic of 
capricorn. 

4. The trade-wind is not due eaft upon the 
equator, but about 4° to the north of it. 

5. The winds in the northern temperate zone 

are variable, but the moft general are the SW. 
and W. and the NE. and E. See page 48. 

6. In the northern temperate and frigid zones, 
and doubtlefs in the fouthern alfo, the winds are 
more tempeftuous in winter than in I'ummer. — — 
See page 49. 

Now in order to perceive the reafon of thefe 
fafts, it muft be remembered, that the heat is at 
all times greateft in the torrid zone,* and de- 
creafes in proceeding northward, or fouthward ; 
alfo, that the poles may be confidered as the 
centres of cold at all times : hence it follows, 
that, abftrafting from accidental circumftances, 
there muft be a conftant afeent of air ovqir the 
torrid zone, as has been obferved, which after- 
wards falls northward and fouthward ; wdiilft the 
colder air below is determined by a continual 
impulfe towards the equator. And, in general, 
wherever the heat is greateft, there the air will 

afcend„ 
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afceiid., and a lupply of colder air will be re- 
ceived from the neighbouring part^.--— -"I'liefc 
then are the e&dts of the inequality of heato 


The eOh'CLS of the earth's rotation are as fol- 
low : the ail over any part of the earth's furface^ 
when apparently at reft or caioi^ wilt have the 
fame rotary velocity as that part^ or its velocity 
wiU be as the confine of the latitude ; but if a 
quantity of air in the northern hemifpliere, re- 
ceive an impulfe in the direftion of the meridian^ 
either northward or foothward^ its rotary velo- 
city will be greater in the former cafey and lefs 
in the latter^ tiian that of the air into which it 
moves ; confequently^ if it move northw'ard, it 
Will liave a greater velocity eaftward than the air, 
or fur race of the earth over which it moves, and 
will therefore become a S'W. wind, or a wind 
between the foutb and 'wellu And, vice verfa^ 
if it iiiove foiithvvard, it becomes a Nth wind® 
Likewife in the foiithern hernifphere, ' it will ap« 
pear the winds upon fnnilar fuppofitious will be 
N W,, and SE» refpeftiveiy 

The trade-winds therefore may be explained 
thus : the two general malies of air proceeding 

N from 

M. Ds Luc is the ooly perfon, as far as 1 know, who 
has fuggefted the idea of the earth’s rotation altering the 
diredlioii of the wind, which idea we have i'lcre puriued 
more at large*- — Vid» Lettres phyliques, SceJ^ Tom. 5« 
Part* 2o Let» cxlv. 
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from both hemifpheres towards the equator, a* 
they advance are conhantly defleiicd more and 
more towards the ea!i,’bn account oi the earth’s 
rotation; that from the nortltern ]ii:'iniiphi.-ie, 
originally a north wind, is made to veer more 
and more towards the eah, and that from the 
foathern hemifpliere in like inunner is neiue to 
■yeer from the fouth t')vvcn’i.is tiu' (■■.iit ; theu: t\vi> 
malles meeting about the equator, or in tlie tor- 
rid zone, their velocities north an.i t'outii dchroy 
«ach otlier, and they proceed alicrwards with 
their common velocity from eall to weii round 
the torrid zone, excepting the irregttlaritits pro- 
duced by the continents, indeed the eepjator is 
not the centre or place of concourfe, but the 
northern parallel of 4'-'; hccaufe the centre of 
heat is about that place, the fun being longer on 
the north frde of the equator titan on the fouth 
fide. Moreover, when the fun is near one of 
the tropics, the centre of heat upon the earth’s 
furface is then nearer that tropic tlian ulna!, and 
therefore the winds about the trojfic arc more 
nearly caff at that time, and the fr about the 
other tropic more nearly north and iouth. 

"Were the whole globe covered witli water, or 
the variations of the earth’s furface in In at re- 
gular and conffant, fn that the heat nas the fame 
every where over the fame paralh l of laiiiudc, 
the winds would be regular allb : as it is, how- 
«yer, we find the irreguiaritics of heat, arifing 

frora 
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lioin tbe intrrfp( r(ion of lt.i and land, aic fuch, 
tln.r ihouph ail tlic p'uts of the atinolphcie in 
fo.nc ioit coni niv to ptodnce rei^ulai winds 
louiiii the toiiiil zinc. \tt the tfteft of the fitu- 
ation of hind ts. inch, tli.u linking iiiegulaiitics 
aui proila^-td \vitU(lH, tlie inonloons, i<.a and 
land bief/sis, &it wiiuh can be accounted lor 
on no otlier pinuipU than that ol laiefaftion; 
becdule the lotary velocity of dtOerent parallels 
in the torrid zone is neaily alike — For this lea- 
fon we have omitted giving the fafts, and their 
explanation, as having been done by otheis. 

From what has been laid it might be fnppofed 
tli.ir the Winds in toe northern temperate zone 
flu ml- 1 he hetweem tin noith and call below, 
and between the iouth and well above, alinoft 
as rcguiaily as tht* tiade-winds , but when we - 
coniidci the cliahge ol Icalons, the different ca- 
pacmes ol land and watet for heat, the interle- 
ence and oppohtum ol the two general currents, 
he one ol which is veiging towards a central 
joint, iiiid the other pioeecehng Irom it, we 
• night conchulc it tuxi to iippoflible that the 
.vinds in the temperate* and liigid zones fliould 
exhibit any thing like legnlaritv notwithfland- 
ng tins, oblervaiions luthnently evince, that the 
aiiads m this out zone au , foi the luofi part, 
n the diicftion ot on< ol the gencial emrents; 
'hat is, fume when* bitwicn the north and eaft, 
or elfc between the fouth and wcllj and that 

hi z winds 
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winds in other direftions happen only as acci- 
dental varieties, cisiefly in unffttled weather. 

Tn winter, the heat decreafes more rapidly in 
leaving tlie equator, and proceedii-.g northward, 
than at any other feaibn ; conlequently the cur- 
rents- of air to and from the equator, in the 
northern heinifphere, move, with the greatell ve- 
locity, and occafion the inoft teinpellous wea- 
ther, in that leafon : and, vice verja, in fummeri 

The effed of the earth’.s rotation to produce, 
or rather to accelerate the relative velocity of 
■winds, being as the difference betwixt tiie co- 
fines of any two latitudes, (or, to ipeak more 
ftridly, the effeft is as the idaxion of the co-finc 
of the latitude, the fluxion of tlie latitude being 
fuppofed conflant) it .will be frnall within the 
torrid zone, and increafe in approaching the 
poles. The hourly rotary velocity of the equa- 
tor is about 1040 Engliih miles; if we fuppofe 
it 1000 miles it will be accurate enough for our 
purpofe, and then, fipm a table of tiatural fines, 
the rotary velocity of any parallel may be had at 
once ; the differences of thefe velocities, will 
ferve to give us fome idea of the comparative 
effedt of the earth’s rotation at different parallels; 
for which purpofe we have fuhjoined a table, 
giving the rotary velocity of the parallel;; of la- 
titude for every to degrees, together with their 
differences, agreeable to the above fuppohtion. 

Degree;^ 
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• 

Degrees of latitude. 

Hourly rotary velocity 
of tfte parallelsj in 
Englilh miles. 

Differences of their 
velocities. 

0 

0 

1 000 


,10 

984.8 

lS-2i 

20 . 

939-7 

45 J 

30 

866 

73*7 

40 ! 

* 766 

100 

50 

642,8 

123,2 

60 

500 

142.8 

70 

342 


80 

173.6 

168.4 

90 


173.6 


From the table it appears, the efFeft of the 
earth’s rotation, to accelerate the relative velocity 
of winds, is about ten times as great at the poles 
as at the equator ; — by relative velocity^ my rea- 
ders will perceive 1 mean, all along, the velocity 
of the wind relative to the place of the earth’s 
furface over which it blows ; hence, the relative 
velocity and direftion of the mafs of air from the 
equator is at firfl: altered very llowly, and after- 
wards more rapidly, by the earth’s rotation; andg 
vice verfa, with refped: to that from the poles. 

Had the trade-winds been produced by the 
daily rarefaction of the air from eaft to weft 
alone, independent of the earth’s rotation, they 
fhould have extended to 50° of north latitude 
when the fun is at the tropic of cancer, becaufe 
the heat at that parallel is then as great as at 
30'’ of fouth latitude, which is quite contrary to 
experience: in faQ:, they ought to have ex- 

tendeds 
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tended, in a greater or lefs degree, over the 
ocean, from the equator to the potcs, and the 
fumtners have been more rernpertuoiis than the 
winters, becaufe the daily variation in Ittat is 
then greateft ; neither of which we find confift. 
ent with obfervatioa. » 

The relative velocity of winds may be bef af- 
ccrtained by finding the relative velocity of the 
clouds, which, in a!! probability, is nearly the 
fame as that of the winds ; the velocity of a cloud 
is equal to that of its fiiadow upon the ground, 
which, in high winds, is fometinies a mile in a 
minute, or 6o miles an hour ; and a brifk gale 
will travel at the rate of 20 or 30 miles an hour, 
^It may be imagined, that the relative velocity 
of winds ftould be continually upon the increafe, 
by reafon that their caufes are conftantly in ac- 
tion, and not for a moment onlyj bur the re- 
fiftance which a current of air meets with from 
the atmofphere itfelf, and from objefts upon the 
earth’s furface,^ muft be very confiderable j the 
increafe or diminution of the relative velocity of 
a wind will therefore depend upon the propor- 
tion between the aftive caufes and the refill ance. 

The economy of winds, an ilhiftration of 
which we have been here attempting, is admi- 
rably adapted to the various purpofes of nature, 
and to the general intercourfe of mankind 
m the fun revolved round the earth, and not 
' ■ the. 
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the earth on its axis, the air over the torrid 
zone, and paiticularly about the equator, would 
have been in effeft ftagnant; and m the other 
zones the winds would have had little variation 
either in ftrength^oi direction; navigation, in 
this cafe, would have been greatly impeded, and 
a communication between the two hcmifpheres, 
by fea, rendered impraflicable. On the prefent 
fyftem ot things, however, the irregularity of 
winds is of the liappieft confcquence, by being 
fubfervicnt to navigation; arid a general circu- 
lation of air conlhintly takes place between the 
eaftern and wellem hennfphcres, as well as be- 
tween the polar and equatorial regions ; by rea- 
fon of which, that difFufion and intermixture of 
the difFcicnt aerial fluids, fo neceffary for the 
life, health, and profpenty of the animal and ve- 
getable kingdoms, is accomphftied : — fuch is the 
tranfeendent wildom and providential care of the 
common Father op all ! 


PROOF OF THE EARTH*S ROTATION. 

The trade-winds being matter of faft, if the 
mechanical principles we have explained them 
upon be admitted, we may draw from hence a 
very fatisladVoiy, and indeed conclufive argument 
for the earth’s rotation on its axis ; for, the 
trade-winds blowing from call to weft, we muft 
conclude, a pq^emn, that the earth revolves th« 
contrary way, or from weft to caft. 


ESSAY 
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Oti the variation of’ the Bar-'.-met/’r. 

T he caufes of the variatioti nf jfu- I'arriinc rer 
have never yet biei! difenvt i a e, l<< ;!■> uj 
admit of dcnionfh-aficn ; tliou;_dt lrvc,.ii t aiini iit 
phiiofophers have given thf-' rul'ili' i!"'- irfid! nf 
their rcafoning and expeea nce eii s!; 

We propofe to conlicier the pr-itcip:, i > ^ ^ 

allegations; but in the firil pi.u '• ij e,,, i;.,. 

per to lay down the cJfief yh77.( it ii y 

variation, which are the rciuit ol t4 h t uiileii, 
and not of any hypothclis. 

Faffs relating to the Barometer, 

I. The barometer has very Ihtk; variutidn 
within the tropics. 

I believe the harometiic.-il ra!;"!” i.ir tiiji h-cii uhibved 
much to exceed half’ an inch, in the tonid I'.nuc. 

2 . Within the northern teiuju vair aonr, jind 
doubtlefs the Ibuthern aifo, the range of tlic Lu, 
rometer increafes in going from the eipi.vnr. 

The mean annual range* at /Wi.r, in lailo th .jS jrj’ N. 
for 20 years, was 14 inch ; the greatefi range, ,.t dhlliriKc 
between the highed and lowef! tihfeiv'iii.nn;, f.i; ihe l.mic 
term, was 2 Inches. (Vid. Muii^n's othrii/'.iutii ij'ttr 

Jmm 

* By mma! rang,, I mean the ditfcrence ijetwerfi the hietietl awl iowefl 

•bfervatioils each year. 
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jan MfemoirsJ, At Kendai, in latnnde 54® ij' N. the mean 
ranjrc ft>r 5 years was Z.13 inches; the greaitll rauge wa» 

2 65 ir!c!'ics. A coinparilriii ot tlie ohfcrvailons made at 
Loniim'h and Kejkmck Hkewifc corroborates the fameo ■ 

- — in Sweden^ aiu,! Rnfla^ the range is ftill greater* 

3, hi trie temperate zones the range and fluc- 
tuation <3f the barometer is always greater in 
winter tlian in fiunmer. 

See the obfervatious, particularly the tables, p. 16 and 17. , 

4* The rife and fall of the barometer are not 
local, or confined to a Iniall dill rift of country, 
but extend over a confiderable part of the’ 
globe, a fpace of two or three thoufand miles 
ill cis'Ciiit ai It aft. 

See the ‘,‘;eneial ol^fcr^atlon, page 16. 

Ii! tlio I'h'eucl'i l• 4 ulofopllic•:ll Traufuclions for 1:709, there 
IS a comparilon of obfervattons upon il»c barometer made at' 
Park and CaiOiU lor 3 years; the dii’hmce of the places is 
at Ic'dI 350 miles; not withilandiug this, it was found to rife 
and Fail almoll univciiViily on the fame day at both places, 
only the variation was iefs at Gmoa than at Farlsi becaufe 
its latitude is Icfs ; no difFcrcnce 'in time was perceived, 
whether the flm 5 b!ations were fudden or gradual, except in 
oiu: iiiliancc, when tire rife was one-^dtiy later at Gm-m than 
at Parlu 

The prccife extent to- which the flufluations of the baro- 
meter reach, has not, tliai I know of, ever yet been afccr- 
tained in any one iuilaiice, for want of ctitemporary obfer- 
iratinns made at a great number of dhlant jrlaces. 

, 5. Tlic barometrical range is greater in North 
America than in EaropCj in th'e fame latitude. , 

"From the Aaierican Philufophical Tianfa6tions we find 
the range is as great in Nrw as tn this country, 

though it, it 10^ nearer the e(|UBtor.# Alfo, at 

O ' in 
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in Virginia, latitude 37^^ 2o'' N. the annual range is aliOTC 
I iiichs which is the fame as at Genoa, latitude 44° zf N-» 

■' 6. In ■the temperate '2ones the mean ftate of 
the barometer in the hammer months is nearly 
equidiftant from the extremes in that feafon ; 
but in winter the mean is much nearer, the 
higher extreme than the lower. 

According to the obfervations at Kendal (fee page 16''^) 
the mem height of the barometer in July is diilant from the 
higher extreme ,33 of an inch, and from the lower extreme 
.37 ; in January the mean is diitant from the higher extreme 
*79, and horn the lower K17: the ratio of the former dif- 
tances is as 1 1 to 12, and of the latter as 8 to iz, nearly. 

Profeffor Mnjfchenbroek^ in his Elements of 
Natural Philofophy, (tranflated by Colfon) piib- 
lidicd about 50 years ago, has endeavoured to 
account for thole changes of weight in the at* 
niofphere ; he has adverted to all or moll of the 
caufes that have ever been confidered as agents 
in producing the effeds : he enumerates the fol* 
lowing caufts, namely ;—Firft, the oppofition of 
winds ; fecond, the north wind blowing, which 
cools and condenfes the air; third, the w'inds 
blowing upward or downward; fourth, an in« 
creafe or diminution of heat, which rarefies or 
condenfes the air, in confequence of which the 
air’s diflance from the earth’s centre is increafed 
or diminifliedV and its weight, as well as cen- 
trifugal force, thereby ■ affefled ; fifth, the air 

being 

* The mean for July, uncorre^led, h and for January 

'’^hich mufi: lee 'ufed in this cafe^ becauie the extremes arc not coned:ei» 
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being loaJed with, or cleared of vapours and 
exhaUtions. 

Prolefior I)e of Genen)a^ thinks the- 

cauies of the changes of the barometer are heat, 
dulcreni; winds, and iinequa! denfity of the 
tigiioiis firata or air; hence the little variation 
Within the tropiv:s. Tiie principal caiiie is oppofing 
winds. He does not deny tliat cliymical changes 
in the air may affect the barometer;, he how- 
ever fufpeCts tiiat tome unknown caufe has the 

greateh 'WeHhall now: conhder the 

caulcs above alleged fcveraily. 

The idea of oppofite winds having the prin- 
cipal (hare in producing the clianges in tlie ba- 
rometer, has evidently been fuggefted by the 
uniformity of tlie trade-winds, and the fiiuili 
variation of tlic barometer where tliey blow ; 
but it lliould be confulercd, tlrat the land-winds 
within the tropics do not always blow with the 
general or trade-winds, and that Ibrnetirnes they 
are in dired oppodtion ; alfo, the Tno'n&>oi"is^ 
eipeclallv about tiurir change, produce iinconi- 
III m conffrls of winds, and temped iions wea- 
ther, notw'itliilanding whidi circranilaiices, the 
barometer never lias thofe fluduations that are 
experienced in the other zones. If^ 'therefaarc, 

O i the 

* Thefc his are taken from the Crkkal 

for 1 787.— Wnlimit being ponhlfi-d of his work,, we erraaf''?^ 
♦xaaiiae kis argiinieiits panic uladj* 
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die idea of oppofite winds, niechanicaihy' aecu- 
iniilating or difperfing the air, be inconfiilent 
with the firft facl, it will certainly fail of ex- 
plaining the reft. Befides, it would not be dif- 
ficult to prove, a priori,) that the oppofition of 
■vvinds, admitting the faS at the time, could not 
produce thofe great and long continued’ accumu- 
lations of air which we often experience. 

The fecond caufe, or that of a cold north 
wind blowing, has doubtlefs an effedf- upon the 
barometer, though perhaps not altogether in the 
manner that has been conceived .—We Ihall con- 
fider this in another point of view by and by. 

Ihe third caufe, fuppofing it to .exift at any 
time, can only be local and tranfitory at mo ft 5 
but the rife or fall of the barometer is general, 
and of confiderable duration : it cannot, there- 
fore, produce the efleft. 

■ The fourth caufe is much too trilling to have 
any material influence. 

With refpedi to the fifth, it muft be allowed, 
that water, when changed into vapour, confti- 
tutes a part of the atmofphere for the time, and 
weighs with it accordingly ; alfo, that when va- 
pour is precipitated in form of rain, the atmof- 
phere lofes the weight of it: but it would be too 
hafty to conclude frorn hence, that where evapo- 
ration is going forward the barometer muft rile, 
and where rain is falling it muft fall alfo ; becaufe 
air loaden with vapour is found to be fpecifically 
lighter than without it. Evaporation, therefore, 

increafes 
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■inrr-’ritV;-! tin- and weight of the atmofphere 
at i:'." it will not increafe the weight 

nv.'r :i'!v particular country, if it difplace an 
tp';.;! i>'j!k of air fpeciiically heavier than the 
v.tpou! : and in like manner, rain at anyplace 
may not diminilh the weight of the air there, 
bccauh* the place of the vapour may be occupied 
hy a portion of air fpecifically heavier. It fhould 
fcciu therefore, that when the air over any couiii. 
try is cleared of vapours, &c. the barometer 
ought to be higher than ufual, and not lower. 

But we lhall now proceed to ftate our own 

ideas on the fubjeO;. 

It appears from the obfervations, (fee table, 
page 1 6) that the mean (late of the barometer 
is rather lower than higher in winter than in 
finmner, though a ilratum of air on the earth’s 
fill face always weighs more in the former feafon 
than iti the latter ; from which fafls we muft 
unavoidably infer, that the height of the atmof- 
phere, or at Icaii of the grofs parts of it, is lefs 
in winter titan in fnmnier, conformable to the 
table, page 8 p I'here are more reaions than 
otie to conclude that the annual variation in the 
height of the atinofpiierc, over the temperate 
and frigid zones, is gradual, and depends in a 
great meafure upon the mean temperature at 
the earth’s I'urface below ; for, clouds arc never 
obl'ervcd to be above 4 or 5 miles high, on 
which account thg clear air above can receive 

iittle 
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little or no heat, but from the fuhjacent regions 
of the atmofphere, which we know are influenced 
by the mean temperature at the earth’s furfacc ; 
alfo, in this refpeci;, the change of temperature 
in the upper parts of the atinofpijere muft, in 
fome degree, be confo''mable to that of the earth 
below, which we find by experience inertafes 
and decreafes gradually each year, at any mode- 
rate depth, accordiiig to the temperature of the 
feafon. (See page 30.) 

Now with refped to the fluftuations of the 
barometer, ■ which are fometimes very great in 
24 hours, and often from one extreme to the 
other in a week or 10 days, it mufi be concluded, 
either that the height of the atmofphere over 
any country varies according to tlic barometer, 
or otherwife that the height is little affccled 
therewith, and that the whole or greatefl part 
of the variation is occafioned by a change in the 
denfity of the lower regions of the air. It is 
very improbable that the height of the atniof- 
phere fhould be fubjeft to fuch fluffuations, or 
that it fhould be regulated in any other manner 
than by the weekly or monthly mean tempera- 
ture of the lower regions ; becaufe the mean 
weight of the air is fo nearly the fame in all the 
feafons of the year, which could not be if the 
atmofphere was as high and denfe above the 
fumrnits of the mountains in vyinier as it is in 
fumraer. However, the decifion of this queflion 

need 
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Seed not reit upon probab'iity ; there are fafts, 
which I'ufliciently prove, that the iiaduation of 
denfity in 'i-he lower regions has the chief eiied: 
upon the barometer, and that the IdgiuT regions 
are not fubjedt to proportionable mutations in 
denfity. in the memoirs of the Royal Academy 
at Par-isy for 1709, tht=re is a coniparifon of ob» 
fervations upon the barome'cr at difi'ercnt piaceSf 
and a.!fiongll others, at Znrkk, in Switzerland., 
in latitude 47"^ N. and at Marfeillcs, in France.^ 
latkadie 43'' 15' N. ; tha former place is more 
than 400 yards above the level of the fea; it 
was found that the annual range of the baro- 
meter was the fame at each place, naim !y, about 
10 lines; whilft at Genoa, in latitude 44" 25' N, 
the annual range was 12 lines, or 1 inch; and 
at Perris, latitude 48'’ 50' N. it was about 1 inch 
4 lines, in the fame memoir it is related, that 
F. Lanjal made obfervations, for 10 days toge. 
ther, upon the top of Si. Fiton, a mountain near 
Maryeilles, which was 1)60 yards higli, and found 
that when the barometer varied lines at Mar- 
fellies., it varied but tj upon St. Film. Now 
had it been a law, that the whole atmofphere 
rifes and falls with the barometer, the fluflua- 
tions in any elevated barometer would be to 
thofe of another barometer below it, nearly as 
the abfolute heights of the mercurial columns in 
each, which in thefe inllances were far from 
beingy To. Hence then it may he inftrred, that 
the fll udbuations of the barometer are occafioned 

chiefly 
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chiefly by a variation in the dcnfity of tlie lower 
regions of the air, and not by an alternate ele- 
vation and deprefiion of the whole luptn iiiciim- 
bent atmofphere. How we conctive this lluiln- 
ation in the dcnfity of the air to Ite elli d< il, anti 
in what manner the precctiiitg gent s al fads re- 
lative to the variation of the barotneter tnay be 
accounted for, is what we fliall now attempt to 
explain. 

It has been obferved already that air charged 
with vapour, or vapourized air, is fprcilic tlly 
lighter than when without tlie vapour; or, in 
other words, the more vapour any given quan- 
tity of atmofpheric air has in it. rlic iefs is its 
fpecific gravity. — M. DeSauJfnre has i'ounu from 
ekperiment, that a cubic loot of dry ait, of a 
certain temperature, will imbibe 12 grains of 
water; and that every grain of water uillolvtd 
in air becomes an elalfic fluid capable of flip- 
porting of an inch of mercury, while its thui- 
fity to that of air, is as ^ to 4 — Again, Dr. 
Priejiley has found from frequent experitnt nts 
(vid. Experiments and Obfr rvations rchtting to va- 
rious branches of Jialural Philofphy. Vol. 6", page 
390) that different kinds of air, as for inflance, 
inflammable air, and dephlogiflicated air, the 
fpecific gravities of which are as i to 12 neaily, 
■when mixed together, do not obferve the laws 
of hydro ftatics ; for, the inflammable air, inifead 
of rifjng. to the top of the veli’d, dtliufcs itfeif 

equally 



On the Variation of the Barometer. 105 

equally and permanently through the dephlogif- 
ticated air, at the fame time that no chemical 
attradion takes place betwixt them. The Doc- 
tor further oblerves, “ that the phlogifticated 
“ and dephlogifticated air, which compofe the 
“ atmofphere, are of very different natures, 
though without any known principle of at- 
“ traftion between them, and alfo of different 
“ fpecific gravities; and yet they are never fe- 
parated but by the chemical attraflion of lub- 
“ ffances, which unite with the one and leave 
“ the other.” — Moreover, Sir Benjamin ^homfon 
has found that moifl air conduces heat better 
than dry air. ( 7 id. Philofophical Tranfaftions, 
1786.) 

From the two firfl mentioned difeoveries we 
may venture to infer, that if a cubic foot of dry 
air were mixed with a cubic foot of moift air of 
the fame temperature, the compound woujd oc- 
cupy a fpace of two cubic feet, and be of equal 
clalticity with the fi triples, the mo kinds of air 
being intimately diffufed through each other. 
Hence then a fluftuation of the denfiry of the 
air may happen thus : if a current of warm and 
vapourized air flow into a body of cold and 
dry air, it will diiplace a part of the cold air, and 
diffufe itfelf amongft the reft:, by which means 
the weight of tlie Jlratiim will be diminifhed, 
whilfl: its hulk and fpring remain the fame ; and 
vice ver/a, if dry air flow into vapourized air. 

P 'The 
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^ The fifft faa may then be accouLic. t! i\n^\hm: 
•~the wanner any air is, the imoic it v. il! 

imbibe, in funihar circinnh.anccs ; iHiitt., tiir aii 
over the torrid zone, beifig the he'tteil, will 
.contain^the mofl vapour; ane: fiie air toe 

..poles, being tlic 'coldeft, vrfli contain die h, afi : 
■inoreover, as the heat wifiiin tiu' toidni. 
and the height of tlie atrno!|>iier(' tlit.re, ttanaiii 
pretty nearly the lame ail tlie yean lottnd, and 
■all the air approaclnng die zone hniu die- two 
temperate zones, is gTadualiv idunonPid in 115* 
pafllige to that of the laid zruie, it n ihrvvs\ t! at, 
there can be little llueluailon (jI drciiin\ in tlte 
lower regions of tlie air, aiui. ot roiirfc hnic vii*» 
nation of the barometer in tlie torrid znme. 

The fecond and third favfs are the neceflary 
refults of the. principles \vc are aflenmg in 
winter, the feafon wlicn tiic liaitunc f * it/al laiige 
is obferved to be greatefi, tin* ttiijHiature oi 
the air decreafes in proceeding iunn the tornd^ 
through the temperate, to dm irigid worn s ; the 

deucale 

The reader will pleafe to obferve, tbnf t!<r term ■. //f 

mir^ and mapounzed air, lifed in thi.H and ItnutMaljM 
denote air containing a great portivjn rd* v.*|n nr. h it 

may not perhapft be chara£leir/.eii as fnch by a In. giesirf ftr* 
—Thus, a cubic fool: of air at the eeptUur, u hi* h fheu’ %& 
..indicated to be dry by- a hygrometer, wrli e«n*u*bi hh h' 
pour than a cubic foot of air here, at thr* firr/!i!|f i« lopeui* 
rui'ey which is indicated to he mr>rt‘ nunti than the former 
by the hygrometer, — ^The ' difference o.f U:m|H:i’,uwrc pm- 
duces this effe£L 
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dec-eafe is at fiiit nioJtrate, but prows mere 
aii>.! more rapid as weavivanee; in ronlequf o. e 
of this deertafe, and the law bv whicrh it is 
regulated, every jdacc in the teinpcrare zone 
will, rlien more part'cidaily, be fituate btewlxt 
the extremes of lieat and cold, relative to its 
O'An temperature, and the higher the latitude 
the nearer will be th<rle extt ernes to the pla e ; 
be 'ides, that iea'on being liable to the bight ft 
■winds, the air will readily be transferred from 
one parallel to another ; and as the air at all 
times wdl endeavour to maintain a proportion 
of vapour fuitable to its teinperatui e, it follows, 
that the air in general in the highf r latitudes 
will tlren both be cold and dj-y. and in the lower 
latitudes botli and tnoijl, relatively fpeak- 

ing. I'he confcqncnce is obvious, that as a cur- 
rent from one or the other hand prevails, the 
barometer will rife or fall accoi-dingly, and the 
rile or fall will be greater as the place is fituate 
nearer to the extremes of temperature, becaufe 
tire air tvill in that cafe fufftr the leaft change 

in its paifagi;.- la^furntner, the heat all over 

the norihtrn heiniiphere is btou 'hr alrnrrft to 
an equality at tire dilFttent parallels ; the whole 
md's of air is beared, fwelled, and rtplenifhed 
with vapour ; tlic air over the nor*hcrn re- 
gions is almoft brought into tire fame ffate as 
within tlie tropics, and the barometer tliere- 
fore has alrnoft as little variation, in that feafon, 
here as there. 
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The fourth fad offers nothing inconfiftent with 
our theory ; winds are the mediate caufe of the 
variations of the barometer, and the currents of 
air to and from the torrid zone are not partial, 
but general, though fubjed to confiderable mo- 
difications in diredion; befides, independent of 
winds, thofe properties of the air, heat and moi- 
llure, will always be diffufing themfelves in every 
diredion, where there is a deficiency of either j 
from which circumftances, it feeras impoffible 
that the Variations of the barometer fliould be 
local, though the amount of each fluduation will 
ijot be the fame at places confiderably diftant. 
From the ufual celerity of the winds, the changes- 
will happen upon the fame day at places very 
diftant ; but theory feeras to require, that the 
northern parallels Ihould firft experience the 
higher extremes, and the fouthern parallels the 
lower, and the obfervations upon the fourth fad 
countenance the inference. However, a feries 
of coteraporary obfervations made at two places, 
differing confiderably in latitude, would afcertain 
the fad; and if the places were one NE. of the 
other, they would be ftill more eligible for the 
purpofe, hecaufe the two general currents of air 
fiow^in that diredion. 

The climate of the eaftern coaft of North 
America is fo conftituted, that the decreafe of 
the mean temperature in the winter feafon, in 
proceeding northward, is much more rapid than 

■ ■ ■’ on 
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on the weflcrn coaft of this continent ; the con- 
fequence is, tliat any particular place there is 
liable to qreat and fudden fluftuations of tempe- 
rature in that feafon, and thele produce propor- 
tionate lluduacions of the barometer, according 
as the warm and vapoury, or the cold and dry 
air predominate- 

The fixth faft has not, that I know of, ever 
been accounted for, or even been adverted to, 
by thofe who have attempted ' to explain the 
caufes of the variation of the barometer ; and 
yet it will admit of a fatisfaflory explanation 
upon the principles we have adopted. Indeed, 
at fil'd; view, it feems inconllflent ■with thofe 
principles, hecaufe we can produce no fafts to 
prove w!iy the air may not deviate from its 
mean ftate of hear and moilture as much to- 
wards one extreme as towards the other; but, 
allowing what is moll probably the true (late of 
the cafe, that the deviatiotivS on each fide are 
nearly ecjual, Hill the fad of the barometer ad- 
mits of a rational iblution. — Moift air, as has 
been obferved, conducts heat much better than 
dry air ; uow wlien the loweft extreme of the 
barometer happens, the air is moilt, high winds 
generally prevail, and the atmofphere is much 
ruffled by clomis and ftorms ; all thefe circum- 
ftanccs tend to diffufe and circulate the heat, by 
reafon of which the law of decreafe of tempera- 
ture in afeending, at fuch times, mull be very 

materially 
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materially different from what it is in ferene 
weather; or, in other words, the decreafe of 
temperature in afcending mult be much flower 
than at other times; we may venture to (uppcfe, 
that, in fome cafes, the mean (late of decreafe 
for a few miles of elevation will be for every 
150 yards of afcent, inftead of 1° for every 100 
yards, which is the ufual rate ; the conrequencc 
of this muft be a greater reduftion of the baro- 
meter than otherwife would happen. For, let 
the weight of the atmofphere at 3 miles of eleva- 
tion be fuppofed equal to 15 inches of mercury, 
the heat at the earth's furface equal to 45°, and 
that it decreafes in afcending after the ufual rate 
of 1° for every too yards; then, the mean heat 
®f a column of air from the earth’s furface to 3 
miles above it, will be 18°. 6, whence the weight 
of the whole column from the earth’s furface to 
the top of the atmofphere may be found by the 

theorem, page 82 ; or H = xy (j be- 

ing given in this cafe) = .8.74 inches, the height 
of the mercurial column of the barometer at the 
earth’s furface: but if we fuppofe the heat de- 
creafes in afcending after the rate of 1® for 1 50 
yards, then the mean heat of the column be- 
comes equal to 27®. 4, and the height of the 
barometer equal to 28.30 Inches; the difference 
is .44 ot an inch, occafioned by this change in 
the temperature, which is greater by .06 of an 
Inch than the difference of the, ranges above 

and 
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and below the mean for January, at Kendal^ as 
ftated at page 98. 

The fuppofuion made above, 1 prefume will 
not be deemed extravagant, namely, that the 
mean heat of a column of air 3 miles hi^h will 
not differ more from that at the earth’s furface 
than 17“’, on certain occafions: when we con- 
fider the llrong SW. winds during a thaw, 
(when the lowed extreme ufually happens) and 
that the thermometer often rifes to 45'’ at the 
fame time that the froft is in the earth, and the 
ground not cleared of fnow, we muff conclude, 
that the then increafmg heat comes from the air 
above, and not from the earth, and confcquently 
that the temptracure of the air is greateft at a 
confiderablc elevation, and decreafes from thence 
downward as well as upward ; which circura- 
ttance alone will greatly add to what the mean 
temperature of the column would otherwife be. 
— This irregularity and inverfion of the law of 
heat in the atmofphere, by which the lowed ex- 
treme of the barometer is removed farther from 
the mean date than the highed, can only happen 
in winter, by means of a hidden influx of warm 
air into cold ; but in fummer she heat of the air, 
being chiefly derived from the earth’s furface, 
will be more equably diffufed upwards, and 
prevent fuch a difproportion in the diflances of 
the extremes from. th« mean, agreeably to ob- 
fervation. V 


Having 
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Having now endeavoured to explain tlie prin- 
cipd fafts relative to the variation of the baro- 
meter, we fhall next advert to lorne otlicr par- 
ticulars on the fubjeft, which tend tt) illuilrate 
and confirm the do£l;rine we have advanctJ. 

The barometer generally rifes viith a wind be- 
twixt the north and the call; it riles very l.igh 
■during a long and uninterrupted fioll ; it was 
liigheft for the laft 5 years in January 1789 ; 
the mean temperature at Kendal, for 4 wrecks 
preceding, was 28“, which was lower than for 
any other firnilar interval in the 5 years ; there 
was only 1.643 ’tiches of rain and fnow for 7 
weeks before ; thefe were clear proofs of the 
prevalence both of cold and dry air. 

The barometer is often low in winter, when a 
ftrong and warm S. or SW. wind blows; the 
annual extremes for thefe 5 years have always 
been in January; the lowed: was in January, 
1789, about 2 weeks after the above mentioned 
high extreme ; it was accompanied with a ftrong' 
S. or f>W. wind, and heavy rain ; the tempera- 
tuie of the air at the time was not high, being 
about 37®, but the reafon was no doubt becaufe 
one half of the ground was covered with fnow | 
it was therefore probably warmer above—Notr 
the reafon why the low extreme (hould have at 
that time, as well as at many others, foon fuc- 
seeded the high extreme, feems explicable as 

follows j 
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follows ; the extreme and long continued cold 
preceding, muft have reduced the grofs part of 
the atmofphcre unulually low, and condenfed 
an extraordinary quantity of dry air into the 
lower regions; this air was fuccetded by a warm 
and vapoury current coming from the torrid 
zone, before the higher regions, the mutations 
of which in temperature and denfity are flow, 
had time to acquire the heat, quantity of matter, 
and elevation confequent to fuch a change below ; 
thefe two circumftances meeting, namely, a low 
atmofphere, and the greateft part of it conftituted 
of light, vapoury air, occafioned the preflurc 
upon the earth’s furface to be fo much reduced. 
Hence then, it (liould feem, we ought never to 
e.'cpecl an extraordinary fall of the barometer, 
unlcfs wlien an extraordinary rife has preceded, 
or at kalt a long and fevere frofl ; this, I think, 
is a lair indudion from the foregoing principles; 
how far it is corroborated by pall; obfervations, 
befides thole jull mentioned, 1 have not been 
able to learn. 

It is obfervable that the high extreme fome 
years happens in Odober or March, but generally 
in one of the intermediate months ; the low ex- 
treme is moftly in December or January. From 
the oblervations at Path for 10 years, from 1699 
to 1718, inclufive, if wc take ii of the loweft 
that were made, 10 of them were in December 
and January, and the eleventh in November. 

- The 
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The month of January, i79‘’ 
remembered, on account ot the lolTts at ica, and 
damage at land, bv the extraordinary high winds, 
^hich prevailed almoft inceffimtly throughout 
the month, from the SW.— See page 49 
a ftrong and warm SW- wind blowing continu- 
ally in that fcafon, when the atincfphere was low, 
ought to have reduced the mean hare or the ba- 
rometer unufually low'; the lad therefore may 
be produced, as an experimentum cntcis of the 
theory ; accordingly, wm find from the oblcrva- 
tions, that the mean ftate of the barometer for 
that month was lower by .14 of an inch, in tiie 
north of England, and probably lower every 
■where on the weffern coaft of Europe, than for 
any olher mouth in the laft 5 years. 

It does not appear from the barometrical ob- 
fervations in the firft part of this book, tliat cold 
alone, independent of every other circumlfance, 
has a tendency to increafe the mean weight of 
the atmofphere over any place ; for, if it had, 
the mean ftate of the barometer would be higher 
in -wunter than in fummer, contrary to er peri- 
ence ; if, therefore, the mean ftate of the baro- 
meter be lower in the torrid than frigid zones, 
it is moft probably effected by the vapoury air. 


ESSAY 
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ESSAY FOURTH. 

On the relation between Heat and other Bodies. 

W E have norhing new to offer on this fub- 
; but as fome knowledge of tlie^ 
matter is requifite in order to underfiand fome 
of the phrnoineiia of meteorology, we purpofe 
to give a brief explanation of fuch fads as may 
be adverted to in the courfe of thi$,work. 

Different bodies that are equal in magnituigy 
and of the. fame temperature, do# not contain 
equal cjuuiitities of fire ; neither do different bo- 
dies, that are equal in weight and temperature, 
contain equal quantities of fire. — For example, 
if a cubic inch of iron be heated to too®, and 
then thrown into a given quantity of water at 
50°, the temperature of the water will be aug- 
mented ; but if inftead of ;ro«, lead be ufed, the 
temperature will not be fo much augmented j 
on the contrary, if the iron and lead were colder 
than the water, the iron would diininifli its tem- 
perature moil. If equal weights of iron and lead 
were ul’ed, the refults would be foinewhat diffe- 
rent, but flill the temperature of the water would 
be more augmented or diminilhed by the iron, 
than by the lead. When equal weights are ufed 
in experiments of this fort, that body which aug-i 
ments or diminifhes the temperature the moft, is 
feid to have the greater capacity for heat ; be- 

caufc 
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ESSAY FIFTH. 


On the femperature of different Climates and 
Seafons. 


M r. Kirwen has treated of this fubjeft in 
fo able a manner, that wc can do little 
more than extradt from his work*. 


That the fun is the primary caufe of heat all 
over the earth, is almoft too apparent ever to 
have admitted of doubt; though foine philofo- 
phers have imagined a central heat or body of 
fire in the earth, which, by its emanations, mi- 
tigates the feverity of the winters in the higher 
latitudes; the opinion is, however, difproved 
by fads, which Ihew, that the ‘temperature of 
places 30, 40, or 50 feet below the earth’s fur- 
foce, remains nearly the fame all the year rovtnd. 
as the mean annual temperature at the furface, 
and that at a lefs depth the temperature varies, 
in a fmall degree, with the feafon. The fa£t 
feems to be, that in winter the earth gives out 
to the atmofphere a portion of heat received in 
fummer. 

The earth’s furface is the chief medium by 
which the fun heats the atmofphere ; for it is 

obfervable 

* EJlmate of the ‘temperature of fffertnt JLatitydeSA 
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denfed into water of the fame temperature, gives 
out 943° of heat. 

The capacities of earth, Jlones, and fund, for 
heat, are much lefs than vliat of water. 1 his is 
one caufe why the viciffitudes of temperature 
are greater at land than at iVa*. 

Another particular relative to heat is, that 
fome bodies coiiduft it better than others ; in 
tills refpcct there is a ftiiking refcmblance be- 
tween the elcdric fluid and fire; for, thofe bo- 
dies wificii conduct the eleClric fluid well, as 
ni'-tals, water, &c. alfo conduCts heat well. — 
G f.'/i, and other electrics, conduct 

hear very ilowiy ; aifo dry ht/id, whether the fur- 
face be ifoiiy, fandy, or earthy, is found by ex- 
perience to conduct Ircat llovvly. 

Sir B. Tlmnfon has by a feries of experiments 
(lee Pliilolbphical 'rranfaCtions, 1786) found the 
powers of a few bodies to conduct heat to be 
proportionate to the lollowing numbers, namely: 


Mercury - looo 

MdiiI ail* « - «• * w «. « 3150 

AV.ucr - - . . - . 3,3 

CuuMiMfrs .ar, dfufny j „ Bo. ,u 

Kaa.ticd hiu dtTiliiy 80,-23' 

Kiiuduh! air, dpidily yg 

Tori'icdHaa vacuum ■ « « ** - 55 , ' , 

E8S.AY 


* Thofe m^ho wiHt to fee the fubjeft touched upoo above^. 
difeuffed at large, may perufe Dr, £xj>erimmis, 

(MJdrmtkm qu Jmmai Mmi mid ih 
Median 
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Mr. Kirwan, eoniitkrin|>' tlii'lV ;mtl ntlu-r cir- 
cumltanccs, judgCvS It mnti , in 

the temperature oi dilleteiit jihues, (o u .nn 
fituation that may ferve as a ilanJard nt uuupa- 
rlfon, and he judicioufly preiris the ica to tin: 
land, as being more free fro,!! 'n l itit lu.il v:!i i- 
ations. Bv coinbiniiu; tlic(»rv v. ish ttuf rvatimu 
he obtains the mean annua! lieai ni tliv. Miuatui 
equal to B4‘\ anil that oi tlie pole 31 '' ; ami itien 
gives the foliowing theorem fV)r ihf im an aimuaJ 
temperature oi' the ilamiarJ liluafitai in mere 
latitude; namely, \t 8 z:: the riatiual fair (3 ariv 
latitude to radius 1 ; then, H,|, ~ 3 ^ >: 0 cix 
mean annual temperature of that' kiiifiidc* 

Tills theorem gives tlie frmpt rafnii* o( dif^ 
ferent latitudes as by the foliowing table, 

Talfle of the mean aminal temperature ofil^ ■ eh/vdani 

Jiiuatkm^ for vvmy 5 decrees iat!tu.k\ 

Eat. miip.L.'jf. mnp. Ltt.'"'’ mi irihp. h-uok 

‘ ' _■ o !'* ir u ^ *"■ , ,, 

o 84 30 (fi t 5 ;j 41,1. "I, Ko "13 

s 83.625 74 :4 5 57565 ^0 5 .5 4! 

10 82330 70.750 52.970 3 1 

15 80435 66 .655 ■ I 

It afterwards beco-nc.s noeeflary tn eoidUIri 
the modifications of the flandard teiupcuunre 
on land; from fituation, &c. 

I. Elevation diminifhes the mean temperature 
of places, its tiiedb Mr. Kirwan Bates as loi- 

hms : 
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lows : if the elevation be inoderatej or at the 
rate of 6 ieet per mile from the neareft fea; 
then, for every 200 feet of elevation, allow i of 
a degree for the diminution of the mean annual 
temperature. 

If the elevation be 7 feet per mile, allow of a degree. 

13 feet 

15 feet, or upwards 4 

N. B. The elevation of any inland place may be found 
fufOiciently exaeft for this purpofe, by obferving how much 
the mean annual height of the barometer falls Oiort of 30 
inches, and allowing for the diflerence, according to the 
theorem in page 8 f ; becaufc the mean annual height of the 
barometer, on a level with the lea, is nearly 30 inches every 
where. 


2. Next to elevation, diflance from the ftand- 
ard ocean fceins to have the molt confiderablc 
efFcQ; upon the mean annual temperature ; its 
amount Mr. Kirwan dates, from a comparifoa 
of obfervations, as follows : namely, the mean 
annual temperature is deprefled or raifed, for 
every 50 miles dillance, nearly at the following 
rate ; 

/. '..■From laL 70^ to Lit 

35 

' ■ ' " 3® to 

; 25' to. 

■ ■' ao t# 


Thig 


. cookd ■* of a degree. 

30 i. 

25 spanned 


10 


R 
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Tills elFect oF diilance fuini ilic li r, .■ » . 
cean Mr. Kirwan feniis to tuiiii u.'i :t- . ■. 

equal capacirifs of iatid atul fn, i'l I ■!. 

with deference to the opiiiii'n t ! f- . ,m; i- 
pnilol'opher, 1 think thi.i aliVi . i r. : r 

cffccl. For, if land in s-ciKi.d 
immediately Irom the fun in a w,-..: '.F r ^ 
the mean temperature of siie nn.- :!, ^ j; , 
the continent ought to he die • :';m; ::,e 

equator to the p<'ic. Atul if i. (ui ;.e;i>s , 
heat, then, for ought that ajirT.n:. iff .'-.n 
temperature of tlic inter!!,!* t i h. i , n. 

nent might be expeded tim le.iii in 
tude; but in neither caii-, 1 tiiiii!.. i.i.;,: , ,, 
conclude a priori, from tin; iiific >Ji;: of 

capacity, that the mean heat oi tiu’ inie:):,!! p nf'. 
of the continent would hogrc.ucr mar (hr 
tor, and iefs more noithwaiil, than ilu nuati 

heat upon the coall.—'ru actmmu hu ilm 

in queftion, wc lhali therclorc [ui poU {(,i. 
lowing theory. 


Let it be firft fuppnfcd that ua.tm ,M.iw , a 
greater quantity of hear, fuuu the huj’., ,.iv 
than land in general, under every pm all. 1 of pj 
titude- ; m the nc.^ct place, it uili !.,■ ah-ued, 
that a much greater quantity of water i*. ( v,.pt>. 

Kited 


_ it .. generally allowed, I tl.bk, 

hglit than water, and conlVquemly imhihn !, (. ■ ,„i -i 

quantity of heat received will doubilciV ( • •* > ir 

Ae rays imbibed. doubiku be }t,<,pu,tK..utr t* 
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rated from the fea, in die torrid zone, than from 
an equal area of laviil in tiie fame zone ; hence 
it wi!! follow, that the quantity of heat abforbed 
by the vapour may, for oiiglit we know, be fo 
great as to reduce the mean temperature of the 
fea there below that of the land ; in fuch cafe it 
is evident, the furtlier any place is diHant from 
the fea, the greater mull its mean temperature 
‘ be, all other circumlfauces being the fame. A- 
gain, the farther we proceed northward, the lefs 
is the quantity of water annually evapoi'ated 
from a given furface of the fea; hence there 
may be a parallel of latitude wlicre the heat ab- 
forbed by the greater evaporation of the fea, is 
equal to tlie heat which the fea receives more 
than the land; in this cafe therefore, the mean 
temperature of tire larrd arid fea will be every 
where th^ fame in the feme parallel. Fanher 
than this, the rneaii temperature of the fea will 
become greater than that of the land, and the 
more fo as the latitude increafes. It ap~pcars 
then, that the diiierence of the capacity of land 
and tvater for heat, requires to be joined to the 
fuppoiition that water receives more abfolute 
heat than land irom the Inn’s ravs, before we 
can produce, a priori, a refulr finiilar to what ir, 
ftated above as deduced from obfervatlon. 

But if we purfue the thought Hill feither, we 
fliall perhaps find, tliar the above flatmireut of 
the effea of difhncc from the flandard ocean, 
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is not altogether compatible cither with theory 
or obfervatioDj — and at the lame time chaw a 
conclufion of much importance to the lulijeft \vc 
are now difeufling. 

It is obfervable, that in the northern tempe- 
rate zone, the internal parts of tlie cail< rn con- 
tinent are generally hotter, in lutnmf r, than on 
the coal! under the lame paralSt i, except eleva- 
tion or fome peculiarity ot foil or fuuatiot' diini- 
nilb the temperature; but the told oi winter is 
fo much more levere, that the mean tein[)erature 
is greatly reduced below the llandard — Kow in 
winter, when the influence of tiie fun is fo weak, 
it (hould feem that the condcnfation of vapour 
alone affords the northern atmolpiure a very 
large portion of the fenfible heat it has in that 
feaf'on. And it appears in the fonntf efl'ay t'n 
winds, that the general current of air from the 
equator is SW. when it arrives in tlie northern 
temperate zone ; this current coming from the 
fea to the weftern coalt of each coiuineiit, will 
there meet with cold air, which conilenles its 
vapour as it proceeds, aifortiing plenteous rain 
and heat to the weftern coalts : as the. current 
proceeds into the internal parts of the continents 
it idles its vapour and heat, till at length the 
precipitation becomes much lefs in quantity, and 
in form of fnow ; the current then continues its 
progrefs, and grows colder and colder till it ar- 
rives at the eaftern coaft, unlefs the influx of fca 

breezes 


On the Temperature of Climates, ^c. i 

breezes mitigate the temperature near the coaft. 
Hence then it may be interred, that in the tem- 
perate zones, the wejiern coajis of all continents 
and lan^e Jhtnds, will have a higher mean tempe- 
rature than the eojlern coaJls under the fame pa- 
fal'ei, and particularly will have more moderate 
winters. 

It remains now to fhew how far this inference 
is coantc!'a!u:ci.l by obiervation — We are cer- 
tain that the ealtern coaft of Afia is much colder 
than the wcfteni coaft ot Europe; on the eaftern 
coaft of Kumfehufka, in latitude 55° N. Capt. 
Cook found r.io.v o or 8 feet deep, in. May, and 
the thernioinecer was moilly 3i°; and in Janu- 
ary the cold is rometinies — and generally 
— 8°. At Pekin, in China, latitude 39“ 54' N. 
longitude 116” 29' E. the mean temperature ia 
only 55“-5, the Atlantic under this parallel beings 
62°; the ufual range of the thermometer each 
year is from 5“ to 98”, not unlike what it is at 
Philadelphia, whicit is under the fame parallel. 
— Again, we are certain that the eaftern coaft: of 
North America is 1 o or 1 2° colder than the op- 
pofite weft era coaft of Europe; and hence it 
may be prefumed, that the wellern coaft of 
North America, or that of California, is warmer 
than the eaftern. The NE. parts of Siberia on 
the one continent, and the country about Hud- 
fan's Bay on the NE. fide of the other contitient, 
feem equally fubjea to the moil rigorous cold 

in 
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in winter.-— —But to proceed to tiie (itlier mo- 
diiica.tions oi the iianthirU tenipt;r;':iun% 

3. As for the tfFc£is of inounrains, forens, 
feas, &c, upon the mean annual u mpcraturc uf 
places, Mr. Kinmn obferves, that al! cmuHrics 
lying to the windward of high ni iimJain;-, and 
cxteafivc forclls, are wanner than (liuft: h. iuj; to 
the leeward, in the fame latitii ’e. ( oumries 

that tie I'oiahward of any fta are warmer than 
thofe that have that lea to the i'otirii rd them. 
Iflands participate niofl of the teiirps lafure of 
tlic fea, and arc therefore not l'uh}ect to the ex- 
tremes of heat and cold fo much as continents. 


We fliall here introduce a table containing 
the mean annual temperature of icvtrrd places, 
as. determined by obfervation, from the “■ i'dU- 
mate, &c.” page 113. 




Norffj j 

sMthtn 

Lum^nuk* amujal 
IU’.n. 



bat* 

Wadfo, hi Lapliiid 

- 

70‘’ 1 ; 1 


A!n> " - 


fK> .*7 ’ 


P(‘fcrfciirgli 

• 

jy 5 I'm 

jo 24 K. jH H 

Upfal 

5k.«rkli<drri 


W ! 

'17 4 ; E 

■i 

59 2'^i 

|K K. 

H^-dyfldunifki - # 

1 

59 : 

54 I’’- 5''’ - 1 

Kdjjibuigh 

» - 

‘55 57, 

5 •r;-/ i 

f Ivfiwick «* - ' 


54 55 ; 

3 .5 T' 1 

ikenda! 


54 ‘ 7 i 

*5 46 W. 4 j 


Fi jiufkc! 


;'»'Th«fe iwo places are Imfcited from page and wt'.k. 
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I2f 


Fraiieker 

Berlin 

Lyndon, in Rutland 
Leyden « - • 

London « « • 

Dunkirk « ^ - 

Maoheim - ^ • 

Rouen 

Rat'lfbon - . - *• 

Paris ^ - 

Troyes, in Champaignc 
Vienna - 

Dijon « • ^ s - 

Nantes « . 

Poitiercs - . - 

Laufanne 

Padua - - - « 

Rhodes, in Guienne 
Bordeaux « . « 

Montpelier 

Marfeilk‘8 «. - « 

Mont Louis, in Roiifillon 
Cambridge, in New England 
Philadelphia * . 

Pekin • « * 

Algiers * - - • 

Grand Cairo 

Canton « *. • . 

Tivoli, in St, Domingo 
Spanifh Town, in Jamaica - 
Mini ilia - . „ 

Fort St, George 
Poiuichcrry « *. 

Falkknd Illandt 

* ^ 


Nfirtli 




Mean 

L 

:.t. 1 

Longitn de. 

annual 





He 

It, 

S 3 ' 

0' 

5' 

’42' 

E. 

52'^ 

\ 6 ^ 


32 

L 3 

3 * 

E. 

49 


53 

50 

0 

3 

W* 

48. 

03 

52 

10 

4 

32 

E. 

52 

2 S 

5 ^ 

3 ' 




51. 

9 

5 ^ 

z 

z 

7 

E. 

54 

9 

49 

27 

9 

z 

E, 


5 

49 

26 

i 


W. 

51 


48 

56 

iz 

5 

E. 

49. 

35 

48 

50 

z 


E. 

52 


48 

f 8 

4 

10 

IL 

S 3 - 

17 

48 

12 

16 

22 

E. 

5!, 

53 

47 

19 

4 

57 

E. 

52, 

8 

47 

*3 

I 

28 

E. 

55 - 

53 

46 

39 

0 

30 

E, 

5 :e 

8 

46 

3 * 

6 

50 

E. 

48 

«7 

45 

23 

1 2 


E, 

52 

2 

45 

21 

2 

39 

E. 

52 

9 

44 

50 

0 

3^' 

w. 

57 

.6 

43 

3 ^> 

3 

73 

E, 

60 

1 

87 

43 

19 

5 

27 

E, 

,61, 

.8 

43 


2 

40 

E. 

44, 

r 5 

42 

25 

’ 7 * 


w. 

50. 

■3 

39 

5 ^ 

i 75 

9 

W, 

52. 


39 

54 

'U6 

29 

E. 

55 - 

■5 

3<5 

49 

2 

»7 

E, 

72 


30 


3 ^ 

23 

E. 

73 


23 


**3 


E. 

75 - 

.14 

19 





74 


18 

*5 

76 

3 ^^ 

W, 

81 


14 

3<5 

120 

58 

E, 

^78, 

.4 

L 3 


87 


E. 

81, 

‘3 

12 


67 


E. 

88 


South 





L 

It, 






5P 

0' 

66 


W, 

47 ' 

4 

0 

21 

1 . 77 , 

JT 

W, 

6 z 



The hotteft. place mentioned in this table is Ponikherrj f 
the heat there is fametimes 113 or 1*5^* which far exceeds 
ihat of the h'liman body* The mean beat of June is 95^-4- 

In 
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In fome parts of Africa the heat even exceeil.i that oi 
Pontkherry. 

Of all inhabited countries,' Slberht feems the (.'(flclcil ; iti 
great elevation and diftance from tlic uee.in Ixtili coid'|iiic to 
make it fo. Mercury has often been frozm there b) the 
natural cold, which confequently exceeded — -yf- I He 
mean temperature of /rf'i/te, latitude 5 tj N- li>ns;itiiilc 

105° E. from Odfobei 1780 to April 1781, was 

At Petofurgh the cold has been known — yf : and i# 
one year with another, at an avciage, — S j''' , the greatcil 
fumraer heat, on a mean, is 79°, yet oiici. it amounted to y+‘'- 


General Obfervations and Inferences. 

Ejlimate, page 19. “ The tempcrnttirt s of 
different years differ very little near flu- eijtittttir, 
but they differ more and more, as the huitiuics 
approach the poles. 

“ It fcarce ever freezes in latitudes under 35*’, 
unlefs in very elevated fit uat ions ; and it Icurcc 
ever hails in. latitutes higher than 60®, 

“ Between latitudes 35*^ and fio®, in places 
adjacent to the fea, it generally thaws when the 
fun’s altitude is 40’’, and leldom begins to itceze 
until the fun’s meridian altitude is below 40 

Page zB. “ The greateft cold, within the 24 
hours, generally happens half an hour beibre 
fun-rife, in all latitudes. The greateft heat in 

all 
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all latitudes between 60° and 45®, is found 
about half paft 2 o’clock in the afternoon ; be- 
tween lat. 45'’ and 35®, at 2 o’clock ; between 
lat. 35“ and 25°, at half paft i ; and between 
lat. 25^^ and the equator, at i o’clock. 

“ On fea, the dilTerence between the hear of 
day and night, is tiot fo great as on land, parti- 
cularly in low latitudes. 

“ The coldeft weather, in all climates, gene- 
rally prevails about the middle of January, and 
the wanneft in July, though, afhononiicaily 
fpeaking, the greateft cold Ihould be felt at tlie 
latter end of December, and tlu‘ greateft heat in 
the latter end of June; but the earth requires 
fonic time to take, or to lol'e the influence of 
the fun, in the fame manner as the fea, with re- 
fped to tides, docs that of the moon.” 

Page 104, fs’e. “ July is the wanneft month 
in all latitudes above 48® ; but in lower latitudes 
Auguft is generally the wanneft. 

‘‘ December and January, and alfo June and 
July, diiler but little. In latitudes above 30“, 
the months of Auguft, September, October, and 
November, dill'er more from each other, than 
thofe of February, March, April, and May. In 
latitudes under 30''*, the diilereuce is not fo 
great. The temperature of April approaches 

S more. 
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more, every where, to the ainiual t( iiijn lulmf, 
than that of any otlier month: wtu'iiee xu inay 
hifer, that the elFcfts of natural eanlc., that u[ic- 
rate gradually over a lars;c t xteiif, d<> not atnvc 
at their memV/ur/w, until the aclhht y ut tlu- t aule ; 
begitivS to diininilh ; this appeals alio iti the 
ration of the moon on feat, whieh produif.; 
tides; but after thefe circcts liav( atnvf.l at tf'* ir 
maximum, tlie decrements arc more i-ajii.!, th.nj 
the increments orieinallv were, liurim; tin- 1 :o- 
grefs to that maximum''^. 

The diflercncc!^ between the liotfrfi aful 
coltleft month;^^ within ol' thf^ etf'.i.UMr, ;;tre 
inconfuleruble, exeept in IVmu: per uhar fi f lia- 
lions; but they incrcale in prtfptunt^n, we 
recede from the equator. 

In 

* TIfc ion??, m;u!r .U ICni’L'i A',;/- 

nwif affi'in! ftHnc rcrnarkablc tlv l^r'i 

general oitfcrvaiions.— Dt'CrrnlH’r in iJjo vt-b!* l\ fitwieL .» 
thefe pIiWCvS ; ibough perltap« ;.i nicfHn^ ^ yr.nn i-". i.r-i l.nf- 
flcient to tlctbrniinc ihf r tbr 

watnnt'il wiootii, anc! not July; tlin rcabun oi ?li'c l,i.f I i.ikr 
to l)cy, onr nuinnfains being toppef! «h.f. 

fpring, whiclirctarilH llu* inerrafe of fi!inp*oa*o!ja ,t: I .L'l* \> 
tlic maxhnum of beat later in tbr fnininco f'^^r d loi.r 
reafoiH the month of April is cokbr than tlie aioo; d ot ; 
0£'l(>l)er fecras the nearell to iu The iboHlaii! ptoifiar 
for tfiofr pliiiVit is 49^; the clifferenct% hriiu^ tirfm, rj- 4 m *4 
5‘b, mull be auribiiletb I think, rhhdiy U# t -.ovr 
ranges of motmtalns ami high bonlB, in alitoif! nnv d-orr- 
tioii; imlcis, perhaps, we have cletrrmimai thr ifiMpuatnif 
too i0w.--«~See the obfervations, page |o. 
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In the highefl: latitudes, we often meet with a 
heat of 75 or 80°; and particularly in latitudes 
59° and 60% the heat of July is frequently 
greater than in latitude 51°. 

Every habitable latitude enjoys a heat of 60* 
at lead, for 2 months •, which heat feems ne- 
ceflary, for the growth and maturity of corn. 
The quicknefs of vegetation, in the higher la- 
titudes, proceeds from the duration of the fun 
over |he horizon. Rain is little wanted, as the 
earth is fufficiently moiftened by the liquefaftion 
of the Ihow, that covers it during the winter j 
in all this, we cannot fufficiently admire the wife 
difpofition of Providence. 


S2 
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ESSAY SIXTFI. 

On Evaporation^ Rainy Haily Snow, and Dew, 

E vaporation is that procefs in nature 
by "whiGh water and other liquids , are ab- 
forbed into the atmofphere, or are converted 
into elaftic fluids, and diftufed through the at- 
mofphere; the liquid thus changed, is termed 
vapour, and the vapour is charafierized by the 
name of the liquid from which it was generated, 
as aqueous vapour, or the vapour derived from 
water, &c. — Whether the vapour of water is 
ever chymicaliy combined with al! or any of the 
elaftic fluids conftituting the atmofphere, or it 
always exifts therein as a fluid Jui gc7icris, dif- 
fufed amongft the reft, has not, I believe, been 
clearly afeertained. 

The following circumftances are found pow- 
erfully to promote evaporation ; namely, heat, 
dry air, and a decreafed weight or prejftire of the • 
atmofphere upon the evaporating furface. The 
fir ft and fecond are known to have that effeft, 
from every one’s experience ; the iaft is proved 
to have fuch an eft'ed, by the air-pump. For, 
w'ben the air is exhaufted out of a receiver, a 
large quantity of vapour is raifed from the wet 
leather upon the pump plate ; this vapour is 
precipitated again wh?n the air is let in, fo as to 

appear 
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appear falling like a fhower*. If a quantity of 
warm water be placed under a receiver, when 
the air is rarefied to a fufficient degree, the water 
boils with great violence, and a large portion of 
it may in this manner be readily raifed in vapour, 
which is as foon condenfed by the cold of the 
furrounding medium, and falls upon the leather, 
of the pump-plate. The reafon of this is, that 
the greatell: heat water is fufceptible of, or its 
boiling heat, depends upon the preflure of the 
air upon its furface ; the lefs the preffure, the 
lefs is tile boil.ng heat ; and whenever it arrives 
at tlie boiling heat, the greater heat applied to 
augmert i"s temperature, inllead of doing fo, 
com rts a portion oi it into vapour, which, as 
luts ij' t n remarked, abiorbs a great quantity of 
heat, without an) iiicreafe of temperature f. 

As this variation of temperature in boiling 
water according to the different preffure of the 
air, is a circumflance not foreign to the fubjed 
we are upon, and perhaps the quantity and mode 
of the variatinn may not be generally known, 
we fhall here introduce the refult of a feries of 
experiments made in order to afeertain what 
preffure upon the furface of water is requifite 
to make it boil at a given temperature; having 
never fecn any funilar account, though the thing 

has 

* Sec a note upon this fubjeft, page 136. 

•f Hence we fee the reafon of the provifo, page lo, 
determining the boiling point of themometer*. 
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fias probably been done by otiiers with more 

accuracy. 
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N. B. M. De Saujiire found tlu- hr:it of hoilhig water 
upon die fummit of nuuml Bhmc, 186 ’: tfio hiigh) of the 
mountain is near 3 miles above tlir level of the Um ; the ba- 
loroKter was *6 inches 'IJ-* of a iinc (a little above 17 bug* 
li(!\ inches. 

Experiments of this fort, when nnulo with all 
the accuracy tlicy will admit of, I anr inclined to 
think will lead to the true theory of cvapoiaiion, 
and to the ftatu of vapour isi the ainiui'pherc j 
upon confi deration of the lafts, it appears to me, 
that evaporation and the coiuienfation t.rf vajnmr 
are not the elFefts of chyrnical aflinities, but that 
aqueous vapour always exilhs as a iluid J'ul 
nerh, dilFufcd amongft the rch of the* aerial 

fluids. 
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fluids.' — 'It is true, the fa£t that a quantity of 
common jtir of a given temperature, confined 
with water of the fame temperature, will only 
imbibe a certain portion of the water, and that 
the portion increafes with the temperature, feems 
charafteriffcic of chymical affinity; but when the 
faiEl is properly examined, it will, I think, ap- 
pear, that there is no neceffity of inferring from 
it fuch affinity. 

Granting the truth of the preceding experi- 
ments, when the incumbent air is rarefied 29 
times, water of 80° is at the point of ebullition ; 
or, in other words, aqueous vapour of the tem- 
perature of 80", can bear no more than 1.03 
inches of mercury, witliout condcnfation ; this, 
then, is tlie extreme denfity of the vapour of 
that temperature. Now, when a quantity of at- 
mofpheric air of 80° imbibes vapour, the vapour 
is diffufed through it, and it may therefore con- 
tinue to imbibe till the denfity of the vapour, 
confidered. abftraftedly, becomes of what it 
is when under the preffure of 30 inches of mer- 
cury, and its temperature 213°; or, till of 
the bulk of the compound mafs is vapour, and 
then it will be faturated, or imbibe no more; 
becanle if it did, the denfity of the vapour muft 
be increafed, which it cannot be in that tempe- 
rature, without lofing its form, and becoming 
water. Thus then it appears, that upon this 
hypothecs, there is no need to fuppofe a chy- 

rnicail 
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mical attraftion in the cafe ; and further, that » 
cubic foot of dry air, -whatever its denfity be, 
will imbibe the fame w'eight of vapour if the 
temperature be the fame ; and laftly, that it may- 
be determined a priori, what weight of vapour 
a given bulk of dry air will admit of, for any 
temperature, provided the fpecific gravity of the 
vapour be given. For example, let it be re- 
quired to find the weight of vapour which a 
cubic foot of dry air of 8o° will admit of, or im- 
bibe, fuppofing the fpeeific gravity of air .0012, 
and that of vapour to air as 3 to 4 ; — A cubic 
foot of water weighs 437500 grains, and the 
fpecific gravity of vapour from the data, is .0009 ; 
now the compound mafs being denoted by y, wa 
ftiall have -s-gq — the vapour, and q ~ \ foot 4- 
; that is, y zo ||. foot ; and the vapour 
foot, = 14 grains. This, it will be obferved, 
is the refult of the hypothefis. M. De Satijure 
determined by the experiment alluded to, page 
104, that a cubic foot of dry air of 66° would, 
imbibe 11 or 12 grains of water. Hence then 
it feems probable that the hypothefis would a- 
gree with experiment. — By a like procefs, we 
lhall find the weight of vapour imbibed by a cu- 
bic foot of air of 150°, equal to 131 grains.* 

Evaporation 

* I cannot forbear remarking in this place, that the fa£l 
obferved by Dr. Dar'wm, in the Philofophical TrahfaAioiiti 
for 1788, fupports the theory we have here advanced, and 
indeed, I think, cannot be fo rationally accounted for on any 
•ther : the faft w»8, that air during iti rarefaAIon attradls 

heat 
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Evaporation from land in general mud be lefs 
than the rain that falls upon land ; otherwife 
there could be no rivers. In winter the evapo- 
ration is finall, compared to w'hat it is in fum- 
mer. From a feries of experiments made in the 
prefent year, 1793, I found the mean daily 
quantity evaporated from a velfel of water, in a 
fituation pretty much expofed to wind and fun, 
for 13 days of March, to be .033 of an inch in, 
depth, the greateft .064; for n days of April 
the mean daily quantity was .0555 ^n inch, 
the greateft .1115; for 26 days of May the 
mean was .0755, the greateft .1346; for 14 
days of June the mean was .063, the greateft: 
.098; for 8 days of July the mean was .122, 
the greateft .195: I never found the evapora-. 
tion from water any fiunmer much to exceed .2 
of an inch in 24 hours, in the hotteft weather. 
From thefe experiments, and other confidera- 

T tions, 

heat from tlie furroiinding bodies, and gives off heat during 
its condenfation ; now, the moment any quantity of atmof- 
pheric air is rarefied, its vapour mail: be rarefied alfo, and 
hence a portion of moiffure will expand into vapour in order 
to reilorc that liate of denfity which the temperature admits 
of, and abforb the requifite quantity of heat from the bodies 
atlja'^ceiit ; again, the moment air is conclenfeci, its vapour i$ 
coiiclenfed' proportionally, fo that the abfolutc quantity of 
vapour which retains its form, will always be as the /pac€ 
occupied by the condenfed air, and the red will be precipl-" 
fated, giving off its heat ’to the furrounding bodies.—Not*' 
withftanding what is here faid, it is probable that, a decreafed 
preffure upon tfie furfacc of water accelerates^ if it-, do not in* 
arcafe the evaporation, all other circamftances being the fame*, 
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tions, it feems probable, that the evapc^raticvn 
both from laud and water, in tiu: teujjK iatf and 
frigid zones, is not equal to the rain that falls 
there, even in funimer. 

When a precipitation (or condenfation, which 
ever it be) of vapour takes place, ii'the tempe- 
rature of the air be above ;'2'\ the matter preci- 
pitated is liquid, or in form of rain ; but ii the 
temperature of the air be lefs than 3^.", it is in 
form of jhoiv ; when droj>s of rain, in falling, 
pals tiirow a Jimtmi of air below 3'z'', thr'y are 
congealed, and form hail. 

If we adopt the opinion, which to me :ipp<‘ars 
the more probable, tliat water evajKuatiai is not 
chymicaliy combined with the aerial ihiids, but 
exifts as a peculiar fluid dillhled anuingll tlie 
reft; whenever any condem'ation ol’ it liappms, 
the matter inu/i: be precipilaleA, tlnniiili not in 
the chyinical fenfe of the word ; wc would there- 
fore be underfiood in this elTay to uic the word# 
precipJation anti precipitated merely to denote tlit 
cffetl:, without any allufion to chymlcal agency. 

Different theories to account for theft preci- 
pitations from the atmofphcrc have been formed ; 
but the principles of none appear to tne to be 
more plaufible, and confident with fa^fs, than 
that which has lately been offered to the pub- 
lic, in tile Edinburgh Pbil^ophical Trmfa^iens, 
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by Dr. Hutton of that place. Frt)m a fliort re- 
view of the article (for I hare nor feen the ori- 
ginal) it appears, that he confiders the varieties 
of heat and cold, aliening the folvent power of 
the atmofphere, as the foie caufes of rain. In- 
deed, when we confider that evaporation and 
the precipitation of vapour arc diametrically op- 
poftte, it is reafonable to fuppofe that they fliould 
be promoted by oppolite caufes ; and as heat 
and dry air are favourable to evaporation, fo 
cold, operating upon air replete with vapour, 
promotes its precipitation. The point upon 
which we differ, 1 fuppofe will be, that he con- 
fiders water chyniically combined w'ith the at- 
mofphere, and that cold produces a precipitation 
in a manner fimilar to what it does in water fa- 
turated with fait, or in other chymical proceffes; 
whereas 1 fuppofe, that a portion of the vapour, 
confidered as a cliftinft and peculiar fluid, is 
condenfed into w^ater by cold ; the effefts re- 
fulting from the two theories will therefore be 
much the fame. 

The rcafon then that a SW. wind in thefe 
parts brings rain, feems to be, that, coming 
from the torrid zone, it is charged with vapour, 
and the heat efcaping as it proceeds northward, 
a precipitation of the vapour enfues ; but a Nil. 
wind, blowing from a cold into a warmer country, 
has its capacity for vapour increafed, and there* 
fore we generally find it promote evaporation. 

T a ^ FxQitt 
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From the obfervations upon the quantity of 
rain chat falls in dilferent places, it feeins clearly 
afeertained, that there is more rain in moun- 
tainous than in level countries. The realbn 
feetns to be, that the inferior, warm, and va- 
poury of air, ftriktng againft the moun- 

tains, are made to afetnd into the colder regions, 
by which means the vapour is precipitated : the 
fituacion of places, however, may be too high to 
experience an extreme in this rel'peft ; thus, the 
rain in Szviizt'rland, and amongft tlie Alps, is 
not probably greater than in tlie north oi Eng- 
land. It is more than probable too, that the 
rain in places fituate near the weftern coall of 
Great-Britain, and of the Continent, is greater 
than in the more inland parts. Mr. Clark, ia 
his Letters on the Spanifli Nation, obferves, 
that there was an inftance when no rain jell in 
Cajiile for ig months together; the [)rovince is 
in the centre of Spain, and at a great dilfance 
from the fea. 

In the. level parts of this kingdom, and in the 
neighbourhood of the metropolis, the mean an- 
nual rain is only 19 or 2,0 inches. 

Profeflbr Mujfchenbroek has given us an ac- 
count of the mean annual rain at feveral places, 
which we fhall fubjoin, together with an account 
from fome other places. The inches differ a 
little in different countries, but the difference 
is too trivial to merit much notice in this place. 

Mean 
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Utrecbta Haerkm, and Lifie, each 
Dclf, and Haiderwick, eacli 
iJnrt , - . , ^ 

Midclleburgh, in Zealand 
Paris - - - - « 

.Lyons * - • , 

R;)ii'ie - ^ 

Padua - ' - ^ 

Pifa - - ■ . 

Zurick, in Switzerland 
Ulm^ in Germany - ■ « 

Wittenberg « . « 

Berlin » « - ^ - 

In Laticailiire 

Upmiriftefj in Effex - - - 


Bradford, in New England (2 years) ^ 

Laiwholm, 1 > a t i 
T. ^ I t r ocotlandf 
Branxholtn, J 

Kendal - 

Kefwick ^ ^ 


Mean annual ram^ 
Inches, 

24 
« 27 
4® ■ 

20 

“ S7 
- ' 20 

- 37l 

” . 54^ 

- $2 

*> 26-§, 

“ i 6 l 

^ 9 l 

- 41 

“ "3*4 
36 + 

' 3 *.+; 

- 64.5 
^8.5 , 


From the table of the mean monthly rain at 
Kendal and Kefwick, page 38, it appears, that if 
tve would pitch upon 6 fuccelEve months, which 
together produce more rain than any other 6 
fucceffive months, at thefe places, we muft be- 
gin with September. At Kendal, from Septem- 
ber to March there is 37.6 inches of rain, and 
from March to Septemlser only 26.9 inches ; 
at Kefwick, the rain in the former period a- 

naounfe^ 


* American Philofophicsl Tranfe^tioas. 
f Edinburgh PMIofophica! Tjrainfa€li#i||t 
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mounts to 40.4, and in tin- i.ntcr 'n •'’.i.— 
Tiie rcafon of tfiis ft’cin;; u-. iir, th.it, m tin l*'i - 
mcr period, tlic toinprranrc ijf f!;c .iit ). di- 
creafmg, and confcquetn!) !?i t iiy im vapt m 
alfo ; which circumitancc is an adiiitimi,.! > .ailr 
of the precipitation oi vaj»tnii. in tho I.i'tir 
period, the capacity of the aii lor s.ipoui t,. h;- 
crcafnig, which occahuiis a hd:. ptn ipi!.*:). n. 

When a precipitation of vapour lakis phier, 
a multitude of cxceedinply iuuiH drops lonu a 
cloud, mill, or fog; thefc drops, ilhiugli S > 
times deafer than t!ic air, at hill ddirmi very 
fiowly, owing to the refHlancc of the ait, which 
produces a greater eile<;l as the tlrops arc liii.dler, 
as may be proved thus:— Let ,/ the diauuin 
of a fmall drop, and «./ tliat of a iargt r ; liicti 
the refdtances, being as the lc|u;uf:; of the dia- 
meters when the velocity is I'ivcn, vill hr a* 
and n’d*, refpecUv<.*ly ; hut ihr iiiajpiiiiidr . air 
as (/’ to «'</’, or as i to «% vrhriiee, it tiic hurc 
drop be divirirt! into utliers of tin l.uuf iiiariii* 
tude as the fimill one, the niniilH 1 will lu n , 
and the refiltance to tliem falling, a> /i'J\ uluhl 
the rcfiflance to un eqtiai mals iti tine dinp i> as 
«’'ff ; coiifetjuenily, the rdilianee to the iargr 
drop is to the refiltance of all tin: Iniall one , 
moving with the fame velocity, a,, ilte di 4fHf ft'r 
of one Jinall drop is to the diameter of the Luge 
one, and lite force being conifant, the time of 
failitig througit a given fpacc will be gt'i ,Url 

wht» 
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when the drops are fmall than when large. 
From this it appears, that clouds confifting of 
.very fmall drops may defcend very llowly, which 
is agreeable to obfervation ; if the drops in fal- 
ling enter into a Jiraium of air capable of im- 
bibing vapour, they may be rediflblved, and the 
clouds not defcend at all j and if the air’s capa- 
city for vapour increafe, they may be all im- 
bibed, *^nd the cloud entirely vanifli. On the 
other hand, if the precipitation go forward, and 
the air below have its full quantity of vapour, 
the fmall drops meeting one another, will co- 
alefce, and form larger ones, and defcend in 
form of rain to the earth’s furface. — What is 
faid of rain, will likewife hold of fnow, except 
that the fmall particles coalefcing form flakes, by 
reafon of their not being fluid*. 

From the important obfervations on the height 
of the clouds (page 41) we learn, that they arc 
feldomer above the fummit of Skiddav/, in Nov. 
Dec. Jan. and Feb. than in the other months j 
this clearly indicates the effe£t of cold in re- 
flraining the afcent of vapour. Were the mea- 
furement extended above the fummit of the 
mountain, it is probable, from the apparent law 
of the table, that there could not be many ob- 
fervations 

* This account of the nature of clouds, and of the mode 
•f their riling and falling in the atmofphere, was fuggefted 
by a philofophical friend and acquaintance j and it appears 
t« me very rational and confident. 
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fcrvations above 1300 yaiai;; ia v. 'nacr. a.-r .b-.vf 
<2000 yanls hi fuiuitHT. Min;,, s; iiiuil In ci; 
fcrvnl, R'lalcs to the heigiit: t;!' iht ,'..v.ar a 

of the grofti clouds only. M he ti.-.all u hiu' i!i , .ii.,' 
of condenffd vapour which app a: >>'1 
of the Iky in fcrctie wcatiu-r, I ii.tvc, f'v irwt,!! 
careful ('hfrrvutioiis, lound tu hi; 3 ',,t 

milts above the earth’s liuiacc. 

When vapour is comliiifcd into fai lU dni|i, 
upon the fiirlaces of bodies eai thr a i, 

called dt'-w ; the only fcrmiisg dtiif ictu hriu. .t 
dew and rain is, that tiu; latndciii.nion il thr 
vapour in the one cafe is in.ulr us tu ti> n ti,r 
furfacc of the body rwiviug it, ,uut 111 ilu miIu r 
the dro|).s full a conliderahh* tpacf hr hue f:,i y 
reach the earth; the cattle is flic fame in I'm it 
cafes, namely, cold, operaiing upun 4,!| uii aii. 
At full view it will feem iiiconlliit tit iha! a ton. 
denfation of vapour fluuild takf pfict i»i thr air 
rclling upon the earth’s i'uilacr, uliiih ii, g( nr. 
rally fuppofed to he waniiei than tlui! abiar ; 
but it is an inconteflable fuel, t!i;u aitt i hut. let, 
and during the night, in lerene wraihrt, the an 
is coUlelt at the earth’s furlace, atu! grow,, wa! mt r 
the higher we afeend, till a certain nu'dciair 
height (perhaps from ao to too yards, o» up- 
wards), this I have often ohferved iiiyl. If, hr hue 
I happened to fee it elucidated, by a ictic ,,1 
experiments, in the Leitres phyjif^ti, de'e. Mom. 
5 > 5 ^** And aceordiugiy we find, that 

dew 
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^cw and hoar froft are more copious in valleys 
than in elevated fituations. That dew depends 
upon this circurnilance can hardly be doubted, 
becaufe when clouds or winds prevent it, there 
is little or no dew formed. 

We fliould fcarcely be excufed, in concluding 
this eflay without calling the reader’s attention 
for a moment to the beneficent and wife laws 
cftablilhed by the Author of Nature, to provide 
for the various exigencies ot the fublunary crea- 
tion, and to make the feveral parts dependent 
upon each other, fo as to form one well regulated 
fyftem, or whole. — In the torrid zone, and w'C may 
add in the temperate and frigid zones alfo, in 
fu miner, the heat produced by the aflion of the 
folar rays would be infupportable, were not a 
large portion of it abforbed, in the procefs of 
evaporation, into the atmofphere, without in- 
creafing its temperature ; this heat is again given 
out in winter, when the vapour is condenfed, and 
mitigates the feverity of the cold. The dry 
fpring months are favourable to agriculture, and 
the evaporation, which then begins to be confi- 
derable, abforbs a portion of the heat imparted 
to the earth by the fun, and thus renders the 
tranfition from cold to heat flow and gradual •, in 
autumn the fun’s influence fails apace, and the 
condenfation of vapour contributes to keep up 
the temperature, and prevent too rapid a trau- 
fttion to winter. 

T ES.SAY 
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ESSAY SEVENTH. 

On the Relation ktwixt the Ihrameter and 
Rain. 

S INCE the barometer has biconu- an inflm- 
ment of genera! ufc, and is aslopted us a 
guide by molt people interefied in the Itair of 
the weather, it may be ot In rice to invclli- 
^ate the relation fubfilling betwixt the %sei;';ht 
of the atmoi'phere and its difpolitit'n Inr raiit, 
from the fafts afforded its by oi)k.rvaiiuit,-—ai!«l 
\ve may at the fame time conlidcr what Inrihcr 
arguments can be obtained in fuppmt of tlic 
foregoing theories. 

In the fiid place it is remnrkaldc, that, from 
the table of the mean hate of the barometer for 
^ years, in page i6, wm find ilie hip, hell meatt 
upon 6 fucceffive months ohiaiiied from hbircli 
to Auguft, inclufive; that is, the itn-an flntc of 
the barometer for March, Aptil, May, jinir, 
July, and Auguft, taken together, is gt eater 
than for any other 6 fucceflive months, being at 
Kendal, for inftance, 29-83, and for the remaiu- 
ing 6 months, only 29.75. more 

particularly worthy of notice, is, that in this rc- 
fpe£t, the rain and the barometer arc juft the 
reverfe of each other j for, in the former period 

the 
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the rain was leaft, and greateft in the latter, as 
has been obferved, in page 14 1. 

Again, by recurring to the tables, page 16 
and 38, we lhall obtain the following arrange - 
inents of the months, beginning with that on 
which the mean ftate of the barometer was 
higheft, and proceeding regularly on to the low- 
eft ; and again, beginning with that month ou 
which there was leaf!; rain, and proceeding to 
that on which there was' moil;. 

Barometer high. Barometer low. 

May, Aug. Juiit*, Mar. Sept. April. Nov. Feb. O6io. July, Dec. Jan. 

Dry fuonths. months. 

Mar. June, May, Aug. April, Nov. p£lo. Fob. July, Sept. Jan. 

Now it is obfervable, that the evaporation is 
greateft from March to Auguft ; confequently, 
the air is then farther from the point of fatu- 
ration, or has a greater capacity for vapour, than 
in the other period j or, in other words, it is 
drier, relative to its temperature, than in the 
other period. — Hence then we have a llroog ar- 

V 2 gument 

* By making the arrangements for Kendal alone, and 
taking in the prefent year, 1793, till Augull, and part of 
1787, we obtain the following ; 

..'Ba.rm M'ay, Aug. June, Mar. Sep. April, NoV..Feb. July, 0,€l:..,Jan. Dec, 
Mar. May, June, April, Aug. Od.-Kov.. Feb* July, J'au,. Dtc-. 
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gument for tlie theory of. iht baroiiutcv, as well 
as for that of rain- 

But to be rnorc particular in tiir :mc!ii;i.uii>n : 
— It will be feen that there iiavt.; h. en n munthu 
when the mean Hate of the banuiu-tet at lun. at 
was 30 inches or above ; 9 months v. iuii it was 
29 9, or from thence to 30 inches ; ly mimth;-; 
when it was 29.8, or from iheuce tu .m;.*;, Ac. 
as per the following tabic — Now, in nn!er to 
examine the relation of the banmietir ami i.iiii, 
it will be proper to firu! the mean niimthh laiij 
for thofe dillributions of the mmuhs wht n tin; 
mean Hate of the barometer was nearly the fame. 
This we have done, and the rcfult follows. 


'Meai; uatc oftht 

.Mean inontfdr rain h) 

Jtutujiiekr, at 

of 

f fi;ltnhuta.n;., ai 

Ktntial. 

months. 

j KentJal. 

Krltvick. 

3 ^' -f 


2.607 

2.71 1 

29.9 + 

9 

3 3 ^'^ 

01 ;■! 

29.8 f- 

17 

S- 40 Z 


29.7 -f 

13 

' 6.1 84 

ih-ff,) 

29 6 -f 

7 

7. 1 1 6 

7. in 

29.5 -f 

6 

6 ,^fH 

7 ^'Ti j 

29-f + 

i 

3 * 3 ^-^ 


■ 29 ^ + 

f 

8,369 

11.35-7 


K’ 

, 2 I a 

I 

. n ^ f I 

I- MO ‘ 
! 

^ ‘V .*? i 


Tlie 

■ * account in this column, ih the rM rtf - %n-.u / fTh t v j/. , ^ 

wt; luvu- .nfeitcd In the fira part; the firfl mean ia in 
th.’: er.'A'metcr at X.Wo»? was 30,1 pUis the terent! n tjjMiM n 11 -i 
was 3-j pkii;, &c. the rtdl are for 7, 14 5, am! t irnmh., {rt|, ."hvriy, 

t was no rain-gauge this mo,mh 'aC AV«o. M fh t 
«^ wti is got,, by comparifon 
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The inferences to be drawn from this table 
are, ift. The higher the barometer is above its 
mean animal Ihite, the lefs rain there is. 2d. 
The farther it is below its mean annual ftate, 
the more rain there is, till it comes to a certain 
point, after which the rain feems to decreafe 
again. 

The firfl: of fhel’e inferences, being conform- 
able to common r bfervation, was expedted ; but 
the conclufnm in tlie fecond, that the monthly 
mean ilacc of t iie barometer may be too low to 
be attended witli the maximum of rain, was not 
apprehended till the preceding table, which feems 
to warrant it, was digefted. However, it was 
immediately perceived, that the point might be 
cleared up, by fe-iefting ' all thofe days which 
have produced the greateft quantity of rain, and 
finding the mean hate of the barometer upon 
thole days, which may be taken for that ftate 
moft conducive to the greateft quantity of rain. 
— ^'Fhe rel'nlt of a careful examination of my own 
olrfervations, at Kendal^ follows : during the 
extraordinary fall of rain on the 228. of April, 
1792, (fee page 38) the mean of the barometer 
was 29.62; the other 2 days that gave more 
than 2 inches of rain each, the barometer was 
29.59 and 29.33 refpc'ftively : avS for the other 
56 days, on each of which there was more than 
I inch of rain, the mean ftate of the barometer 
upon the whole of them was 29.47, and for 54 

of 
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oi' thofe days the harnnuitr ts !)• 'w • ' 
tliid *20.81; the h;u'v)m;';,'r o;. ;:ii' nih, 1 .■ 
days was plaifdy irregiilar, hri?. *, ,,ii rii. . i.^* 

28.5, and it is rcinafkaldc, iiia: sOi- rs.i; .a '.isi! 
day was barely i iiudi ; fin iin* < *!:•; e u 1 , 

30.06, attended with an e.’ifrai trdi;-,;. v lii i., ;- 
ftance. (See page 44, upjsn June a, 1; /> 

From this it appears, that flu- li; ,;vu ;! 
may be cxpeflcd when the liarotm fn e, .'K.n;? 
29,47, at tliis place, or, in mund ! ,, 

inches, which is a little the Uirau the 

two great c.xtremcs obfeived in janaasy lyS:,, 
pr 29.44. 

In tlic lull 5 years there have i^erii 1 ''“ty d.ivt. 
of -vi'liich 108 as per aeKiuni. Inui i.,i! , iiu rr 
or lefs, at Koiilitl, ;iiid ol tin if * e.iu .siitna* 

I inch of rain each ; hence, ;it .m avt a ir,r, fi.rtc 
has been t of inch day., in ;i, vji 

and fair, and in every i.S we? d.i\', lu.t. ty. 

J he number of duy.s when the nieai? it.ur <■( the 
baromettfr was below •:,*) inefus, vute 4 , id 
which 2 only were fair; ,nid yet ih. h- w.. . I m 
1 of thofe that gave 1 iiteh of ratji. Pi out th ic 
faffs wc nniy concluiic, that win n the bail >110 trr 
is very low, the proltahiliiy ol in. h, iiiy !,i!/ s', 
much liuailcr than at other times ; bin thai, 011 
the other hand, the prohahility of utv mneli 
rain, in 2.; Imnr.s, i.s not jii great a-, .n otbei 
times, which is confiftcju with the vomUiiu.n 

obt.iinrd 
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©t»ta.ined from the fads ftated in the preceding 
paragraphs. 

XJpon au enumeration it appears, that ihert 
h.a\re been 78 days in the different months of 
tilts laft ^ years ■when the mean ftate of the ba* 
roi^ieter, at Kendal^ was above the ufual high 
esctreme for the month, as ftated at page 16; 
only y of thofe days were wet, and the rain in 
very fmall quantities ; hence, the probability of 
a fair day at that place, to that of a wet one, in 
fu-cht circumftanccs, is as 10 to i. 

Tine' preceding fads offer nothing but what 
appears confiftent with the theories of the ba- 
rometer and rain; when the barometer is above 
tile mean high extreme for the fcafon of the 
year, the air muft, relatively fpeaking, be cx- 
trernely dry or cold^ or both, for the feafon ; if 
it t>e extremely dry, it is in a ftate for imbibing 
vapour, and if it be extremely cold, no further 
degree of cold can then be expeded, and there- 
fore in neither cafe can there be any confider- 
at>le precipitation : on the contrary, when the 
barometer is very low for the feafon, the air 
mot ft relatively be extremely warm or extremely 
mot/Z, or both ; if it be extremely warm, it is 
in a fimilar ftate to dry air for imbibing va- 
pour, and if it be extremely raoift, there muft 
be a degree of cold introduced to precipitate 
tlie "vapour, which cold, at the fame time, raifes 

the 
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the barometer. From which k fo!!i»w.s, ti 
very heavy and coiitinued rains can he t s,j 
to happen whiHt tlic barometer acuialiy k ' 
about the low' extreme, but they tmill 
the confequence of a junClion 01 uiciiin > i 
tremes, which at the fain*; time eliVii:. a 
Hate of the barometer. 


r.U n« 

ircf cd 
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ESSAY EIGHTH. 


Oh the Aurora Borealis. 

A S this eflay contains aii original difeovery. 
I~\. whicli feems to open a new field of enejniry 
in philolbphy, or ratlicr, perhaps, to extend t.ho 
bounds of one that has been, as yet, but jiift 
opened ; it may not perhaps be unacceptable to 
many readers to flate briefly tlie tiain of cir- 
cuniftances which led the author to the i uportiiut 
conclufions contained in the following jiages. 

It will appear, from the obfervations, tliat the 
author has been pretty affiduous, during the laft 
6 years in noticing thole very fingular and Itrik- 
ing phenomena, the aurora boreales, as often as 
they occurred ; in which time he has allb feen 
and confidered, with a proper attention, feverai 
conjeiSlures and hypothefes, endeavouring to ac- 
count for them ; but as no hypothefis has yet 
appeared that explains the general plienomcna 
in fuch a manner as to procure the acquidcem-c 
of any rational enquirer, it was natural to ex- 
pefl; that his attention would occnliouullv he 
turned towards an inveftigation of the nature 
and caul'e of the aurora. 


X 


It 
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It feemcd to be fufficieiitiy pnns'd (leu t!i<‘ 
aurora was not wilhoist the < .iUM’,: atiiMil'i licit * 
though Ik; had never I'ccn any ili'n > i’.niH' whiih 
afeertained the real height oi lun * apj.> anuieo 
with a tolerable degiee ol at . visa ; .nu! as ihu 
ativiorphcre, or at Icail the I'lnl j ,;;! e>l it, is iit 
all probability confuicd to llu: iu iyl l n! i ;; tO' 
20 Ihigiill) miles, he vras uaw.ilitig to admit ot 
the greater height of tie .rn t tHiu ’• i. lu- 
pcilcd to it by the reidh of caohi! ami :ieeuiat«,* 
obfervations. ’'!'hc yin vaifmt; id,- a ('"o fh.-! tlir* 
aiiforn may be /h-urJ, was amah- r tmau. tM 
induce liini to think it was at a movlt r.ut h- 
— Appearances, however, were in dt!r%i uppofj- 
tion to the tliought t!u.u erne .tiui the l.ui'r 
aurora Ihould be leen ovt r a x ail extent 
country', wuii much t!ic hum x irettmiiaiiees, ttUil 
that fome of them Iliouhl ai'peai in ftamr, 
Spain, atul Ilaly, whilH tiny lo %m\ leUloni pat'i 
our zctiith in the north of Kux-IurJ, was a sery 
Ib'ong argument lor their gn .u lu igftt. ‘I’hc 
belt obfervatiems hkewife upon ihoit large fjrry 
lUfteoi'S which occaliotially llv oter the i'uuiiti y, 
and are feen at Itich diiitint places, fceio 
prove the cxifftmcc of an ei.dtie liuui ;u the 
height oi ho or Ho miles at Irall, which far ex- 
ceeds the height of the ntmofphere aa pteiertbedi 
by the obiervations upon the Initomrtrr, «*r 
even by the twilight ; and if the atmuiphero 
exceed the height oi 45 or miles, as drit r- 
mined by the oblcrvaibns vn the duration tif 

twiiiijijt. 
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twilight, we haA^e no data from 'whence to fix its 
bounds ; it may, for ought we know, amount to 
4 or 5 hundred miles. 

Thefe confideratiom?, it is evident, could not 
fail of fuggcliing to the author the expediency 
of determining, by aftual obfervations, the real 
height of the aurora borealis, 'i his lie thought 
might be accoinpiiihed by the afiiflance oi his 
friend and colleague in the bufmefs, Mr. Crof- 
thwaite, of Kcfwick, who haring for a long time 
been accuilomed to rna.ke fuch obfervatimis, was 
the more eligible for the purpofe; but the man- 
ner of doing it was fil'd to be determined upon, 
as the great dlihculty was to afceriain that the 
obl'ervations were cotemporary, and made upon 
one and the fame objeft. 

As the aurora often confifts of upright beams, 
efpecially when high above the horiscon, and thefe 
feldom continue one minute the fame, the queftion 
was, whether to attempt the altitude of thebaic of 
the beams, or the vertex, or both ; this put the 
author upon confidering more particularly what 
the real form of the beams is when diipt of the 
optical illufion, which mud accompany all ob- 
jedls feen at a great diflance in the atrnorj.here, 
namely, that of appearing to coincide with the 
blue vault, or Iky, and to conditute a part of its 
fpherical furface. A very moderate fkill in op- 
tics was fufficient to convince him, that as the 

Xa luminous 
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luminous beams at all places appear to tend to- 
wards one point about the zenith, they niuft. in 
reality be ftraight beams, parallel* to each other, 
and nearly perpendicular to the horizon ; and 
from the appearance of their breadth, they inufi 
be cylindrical. Thefe circumPtances accounted 
at once for the aurora appearing fo dcnfe north- 
ward, towards the horizon, and the beams being 
fo thin and fcattered towards the zenith, which 
is fo uniformly the cafe. Moreover, as the 
beams appear to rife above each other in regular 
fucceffion one fet above another, in fuch fort, 
that the higher the bales of the beams are, the 
higher are their vertices, it feemed from this 
circumftance probable, that they are all of the 
fame length and height; if this be the cafe, by 
determining the greateft: angle fubtended by the 
beams, the relation or proportion of their length 
to their height above, the earth’s furface may be 
determined geometrically. — Ihis circunillance 
deferved to be kept in view; and- it appeared, 
from obfervations made upon the aurora after- 
wards, that though the fad could not eafily be 
afeertained, yet fo much was certain, that the 
length of the beams bore a very great propor- 
tion to their diffance from the ear*, even fo as 
to equal or perhaps furpafs the faid diftance. 

Tims 

* The author did not fee, before May 1793, the Philofo- 
phical Tranfaaions for ,1790, in wliich he tirtds this idea is 
fuggeiled by if. Cavindi{L\ Efj, F. R. S. and A. S. 
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Thus flood file autiior’s knowledge and ideas 
upon trie fubjott in the autumn of 1792. — The 
very grand aurora in the evening of the t3tlj of 
Oftober, wu:; that which (ird fuggefted and led 
to the dil'covery of the relation betwixt the phe- 
nonienou and the earth’s inagnetifm. When 
the theodolite was adjufled without doors, and 
the needle at reft, it was next to impoffible not 
to notice the exactitude with which the needle 
pointed to the middle of the northern concentric 
arches : foon after, the gi'and dome being form- 
ed, it was divided fo evidently into two fimilar 
parts, by the plane of the . magnetic meridian, 
that the circumftances feemed extremely impro- 
bable to be fortuitous ; and a line drawn to the 
vertex of the dome, being in direction of the 
dtpping~ 7 iced!e, it followed, from what had been 
done before, that the luminous beams at that time 
were all parallel to the dipping-needle. It was 
eafily and readily recollefted at the fame time, 
that former appearances had been fimilar to the 
prefent in this refpedf, that the beams to the eaft 
and weft had always appeared to decline con- 
fiderably from the perpendicular towards the 
fouth, whilit thofe to the north and fouth pointed 
diredVly upwards, the inference therefore was 
unavoidable, that the beams were guided, not 
by gravity, but by the earth’s magnetiftn, and the 
difturbance of the needle that had been here- 
tofore obferved during the time of an aurora^ 
feemed to put the conclufion paft doubt. It 

wag 
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was proper however to obferve .whether future 
appearances correfponded thereto, and this has 
been found invariably the cafe, as related in the 
obfervations. 

Soon after this, the author wrote to Mr. 
Crojihwaite, defiring him to pay particular at- 
tention to thefe phenomena for a feafon, to take 
the bearings, altitudes, times, &c. of every re- 
markable appearance, and to obferve the point 
to which the beams converged, the bearing of 
the perpendicular beams, the extent and bearing 
of the large, northern, horizontal lights, &c. 
Thefe he performed with much readinefs and 
Ikill, and his obfervations agree fufEciently with 
thofe made at Kendal, though he was entirely 
tinacquainted with the difcovery, and confe- 
quently his obfervations could not be warped to 
fuit the author’s purpofe. 

The obfervations on the 15th of February, 
* 793 ’ thofe upon which the height of the 
tfarara refts principally, as none of the others 
were fufficiently well timed and circumftanced 
to be fubfcrvient to this purpofe, except perhaps 
that on the 30th of March, 1793. * 

We 

* It may not be improper here to advert to a circiim- 
tance, which, if not noticed, may be a means of fubjetting 
the a^hor, in fome degree, to the imputation of plagiarifm. 

-The advertifements refpeding this work were printed 

on the loth of April, 1793, in which the difcovery above 

".'■meiatiauedi . 
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We ftiall BOW proceed to ftate the different 
parts of this eilliys difpofmg them into feparatc 
feftioBSj as follows. 

SECTION 

mentioned was announced as an original one, and never be- 
fore publifbcd ; the author not knowing that any one had 
publidied the moil dillaiit intimation of their afcribing the 
phenomena of the aurom borealis to magnetifm. On the 
17th of laid month, George Ifirkbeek^ of Settle^ an ingenious 
and intelligent young mrtn, a fubferiber to this work, in- 
formed the author, that an anonymous perfon* in a certain 
periodical publication, had given an eikiy on the aurora bo^ 
realise in whicli, amongil other coujedures, he had advanced 
the opinion that it might he occalioued by the earth’s mag- 
netifm ; — lie was fo cibliging as to traufmit the author a copy 
of tlie ciFay itfclf, which may be feen in a work entitled 
Mathematical 1 Geometrical^ and Philofophkal Delights^ No. iJ* 
publiftied May i, 1792? under the infpedliou of aMr, Whitingm 

The author, who fubferibes himfelf Amanuenfis^ ftates hift 
conjedures to the following purport, viz. 

1 ft. He fuppofes that magnetic effluvia are conftantly if- 
fiung from the earth's magnetic pole in the north, and that 
thefe effluvia, which he conliders of a ferruginous nature, fly 
off in every diredion along the magnetic meridians ; he then 
conjedures that the fulphurous vapours, riling from the 
many volcanos in the north, mixing with the magnetic ef- 
fluvia, may catch lire, and fulgurate. 

id. He conjedurcs that inflammable air having caught 
fire, may receive a magnetic diredion, by the current of 
magnetic effluvia 1 he fubjoins to this conjedure, fame very 
Juft obfervatious on the mmrth which we flmll havC' occafibn. 
to mention hereafter* 

3d. He coiijedurcfi that ** a highly fnbtilized aerial nitre 
alwayi enters into the compofition of an mroraP* 

(^th* 
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SECTION FIRST. 


Mathematical Propofttions necejfary for illujiraiing 
and confirming thofe concerning the 
Aurora Borealis. 


PROPOSITION I. 

ALL lines or final! cylinders, whether llraight, 
curved, or crooked, feen at a confiderable clif- 
tance in the atmofphere, and fituatc within a 
plane paffing through the eye, mull appear 

arches 

4t}i. That the aurora, like lightning, may be of an elec- 
trie nature, 

5th. He adcs, “ May the lumlnofity be conveyed on the 
magnetic efHuvIa, as the eleiSlric on an iron wire 
6th. He conceives the reafon why the aurora is fo frequent 
now isj becaufe there are more volcanos in the north. 

I fhouid fuppofe that thefe conjedlures, as far as they refer 
the phenomena of the aurora borealis to magnetifm, are ori« 
ginal; and from the time of the publication it K'^lght be fuf- 
peded that I received the firft hint from it j this however 
was not the cafe, this work being nearly ready for the pref* 
before the lotli of April, and it was not till after, that the 
letter containing the eflay came to hand, which firil furniHied 
me with the preceding conjedures ; befides, it will be feen 
that my opinions are, for the moil part, very diflereiit from 

thofe ftated above* — It is not meant by this to depreciate 

the merit of the ingenious Amamenjis^ who will probably be 
well fatisfied to fee that the fuppofition of a relation be- 
tween tht aurora borealis and magnetifm, which probably 
firfl: occurred to him, is capable of being proved to a de» 
moiiftration. ' " . , ' 
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arches of a circle, in whofe centre Is the eye, 
b...unded by tines drawn from tlie eye to the ex- 
ire.iiiucs of the objetls. . 
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1 . he feniiclrclc -m n, g t q r s /> P rcprcleuts fi part of 
any plane pairing ihrougli the eye, ru|>pf,i;:(l to be at P, the 
centre; /! P B tlic iiitcrleciion of tlie inid j.)hnc with the 
plane of tlie horizon ; the arch of the leniicirclc reprefents 
.the interfeaion of tlic firft rnentioned plane with the blue 
canopy or flty MN, and PS reprefent three' cyHn« 

dtical beams Icen at a dillance, whole azes are in tliC 
plane JmnoiqrsBP iiKkfinitely extended. Then the' 
objea MM being at a confiderable dinarice, as 5, 'lo, 
miles, and quite detached horn all. oli^cfb on the tartdPs 
Ini, face, it foll(,'nvsj fromt tlie principles of optics, 'tliat the 
mind cannot judge with certainty eltdier of the' ablblute dif% 
tiince of tbc objeift, or wlicUiew tlie extremity M or iV is 
more 'diftant ; do loch a caie, tberdbre, nothing appears to 
the, contrary but that both cuds are equally di[laat5.an.,l thati 
is a,ri' arch of a circle in t'be fby, witli lbe*eye in the 
centre; and this, in ,fa6l is tlie judgment tliat is uniformly 
made in the cate, ..For it is known to every oriey that ce* 
leftia.! obje£ts,* aiiJ objects at a dilhuice ia the air, as the fun, 

Y muoa,'; 



jfJa On the Aurora Borealh. 

noon, Hnrs, mctfors, &f. nil iiffiar ai fawf 
tluuKih iiialiiiio' can be mure (lilpiojan tiniia'r U;a:i '.i'-'.- ' al 
diiianct';' ; lliat, ii;, ^liev all aj.jHar a;, ii liio tr ns >i i »;'• J 
ilvni'c ilicn tiiC i)b;! tl A‘f A' will appi.!, .u. iiu .i > :■ 

0 tlie arch oiy, anil liS aa llic .01 it r.o I' - I-*- 

Corollary 1. Ilcisce it may taHiy br .ii urs il, 
that i!u iiiie tlru is not whuiiy ih;'.:!u* ni a ; s.ioc 
P'lOnuj t!iri)Ui;ii tiiC eje cuu cU as iris.: .r-i-Ji 

01 a groat i: ire Sc. 

CcroU.'irv. z. Honce alfo it {nHovv?, thiaf i? "rj 
ohjrfi apjKMr It) bo vlio arcfi o! a. jMrat t'f; ‘f ui 
twir obh rvois, lo litnato iliat Un y ttu’, m h !i;c 
objtcl, art* not ai! in the !a:iu‘ piatk’, iho ot 
irsnit be a liraiglu line, or fmall cylinorr, i r- 
caulc it iiuu'l iU'ci (farilv be wholiy in tun r 
anil coiiloqnciHly in tlioir comiiu>M intf 1 {< f luin, 
which is a itraigiu line (" F.uchJ, 1 i atui 

PROPOSITION II. 

Imagine :v cylindrical boani, as F, r!rvaf .“d 
in tlie air. and viewed bo n a liattun *'.it the 
earth, at a dtllMiu e, as in the lall jiroptshiion j 
and luppoi'e the beam To ruuatc that a ja-rptn* 
dicular CF bom C to the fide «t tin; l yliiidcr 
BE may jail below Ii, or in the {’itdimirautm 
0’s EB ; then, I lay, the beam will apprr h. oad- 
c!l near tlie bottom, and narrower as it aft emds, 
thai- is, its bdes will appear boiintliii by the cir- 
cumferences of two great eircli.s, having thrir 
CGuvmon intcrfc^lion i» a line CV paraikl im UE» 
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Bv tlie lafl; propoftiion the honnclin^ir the cylinder 

longitiulinnllv will appear n;; arclu'H (d ‘McMf chch;>; and if 
the- I ine />'/'-* he fiippoiVd to he exteitdcd iiHh'lim’: rh. , tlu* 3 a\^ 
glc PCE incre.dVs, aiu'] when A' l'). conu:H in!n!Pt\ E 
Cuintides vvirli 6'/''^, aed the nngle P C P"' zz i\ r'iuht <oie,s 
ami the verv iarne conchilunj will follow d a pn [aetKlictilar 
be let fall from C iipo'n a/ I), or any other hat* parallel to 
£E; I licit ‘ore all right angles p;ijal]el to BE will a|,s|Har 
arches of circlcsf winch, if prolount d, would inleiiVtS each 
Other in tlie line C and the fpacc !)nn sided by iury i v/o 
aichcs will g«’ow juirrt>wtr from P tow'arcJ};! F'. Q^, 

Corullury. If tliere be a rumber oF beams 
rallied a!l over a tranip'irent pbnie paraliei to 
tbe horizon, at the iu ight of A B ; and ii tbefe 
beams be paralUl to the be nil A E., ilien tliey 
will all appear to converge towards F, ftom 
levery point of the horizon. 

Scholium. The appearances of ibc extrcirruics 
of the cylinder are riot lu re conlidc rial ; hut it 
would be eafy to prove they mull appear dUipci. al. 

Y 2 i’RO” 
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PRO POSIT iDX 
Let tUcfC hi. a icTirs 111 

DF, Kl ., Lc. fi’uai aiu! M r-;i-h olTr ;'. 

aii irt a [iianc ]t:i p’lKi'uao.ir sTar.-iHi. 

ar equal diilaucrs from i'lsr ii:*: ; ..mi 

AB be tb.e i;!U;t'iec'Vi!iii (?1 Oi" 

horizi'i'i ; •i'i ^ H;' iiir*-:; U.. v»;!ii Hu.' . i 

tile cciilri,: ut file i'i rv.:iu :'n ; 

and Cv re fhr 

bt:;uris wiii appc:i.r tt.> nir ee,,;. 

CC'diveiy^ in tlu^' ikv, in Uu:U (ert, tn.i*, :n-y 
two beaivis, Una. winch lUr inpiicr v. >n 

have ihc jiiphrr vertex ah.n except wlirn ‘'.'e 
beams appeal’ to ih.rcnj;:;h, 02 - hi: wbr-'ily Ue." 
vond the janiiiii : iccrinu. rhrjn a’hcmi thr rer riCh 

uiil apjvar bi'(>aJi. i!,, an.; r!;',i!’r iu rucil di.r 
ri^on iinrrm'.Til. 
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DEMONSTRATION, 

Join CD, CF^ C’A's and CL ; then the bafe K will appeal" 
liigher than the bafe D by the angle DCK, and the vertex: 
L higher than the vertex F by the angle FCL, and fo on. 
for the red: of the beams, till the angle reprefented by FCL 
is equally divided by a line from C to the zenith ; afterwards 
the contrary takes place. The' angle under which the dia- 
meter of the beam appears, being iuppofed fiuail, will be 
nearly as the diilance inveviely, and therefore greateil , at 
the zenith, and lefs below, in proportion as radius to the 
line of elevation, 


PROPOSITION tv. 

The fame Figure re7nahting. 

If the beams are equidiflantj and if G MN^ 
Cfun be drawn on each fide of v., fo as to touch 
the bafes of two beams in M and to, and the 
vertices of the two next beams in N and n ; 
then all. the beams included in the angle NCn 
will appear dUlinft, and all tliofe below, on both 
fidcvS, will partly cover each other, if opaque ; 
but if luminous, the light of the different beaiiiis 
being blended, will increafe in denfity down- 
ward, according to the number of beams croffhcl 
by a right line from C. ' 

BHMONSTRATION, 

.The lirft part, is .obvious, from the ekment.B of geometry ; 
and from the principles of optics, the diilance of the beama 
makes no difference in their apparent brlghtiiefs, imlefs what 
■arifsB . from the want of pmfoQ: traufpareiicy in the atm of- 

. ‘ ph^rcji 



m. 
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phtTC, w’hich fomevvhat olifcnrt-;-; c:,:t *.■! 1;:*:’"% 

greater 1 lie inuiiber af hcasr;?'. e.t'fu'tl b-v a 1'.. 

ilic ckiil'cr will be tlie liglu i« J?£vU * ^‘‘ 


FROPOSmON V. 


The fame things bring 

rujipnf./d n. 

1 b; r o 

pofition third ; kt a circic 

br O': bat a oi 

i f!'! ” ; 

the e:;rrernities of anv one beaiu, ay 

. /.■I'., 

touch the horizonlai line i 

nr**: i 

5 i' / ■ , ; ' 

£ h' be joined, the angle De f\ ’.ir :■ ; ' 

' !- :; s 


bcam^ will be greater titan tu.i: Un i b r 
any other beam, as fecn Iroru i ; aisa r / la 
produced to uieet tiie iiorizevn m a.: u f 
quanticy of the aiyy^Je DcF be givera. i lic gn | ur 
tiou of AD to DF mzy be dcicruiiiicJ* 



; ^ To do which^ fee the laft book of SmyLf%\ 
prob,. 4i. ihird edit. 
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BE M an STK ATT JON- 


Draw any linCj DA''..?, to cut the chcle in ?ind meet 
the [ioiizaritai line in S ; join FK nnd FS ; then the angle 
£} KF zz angle D^F ( Eudu!, 3, 21)5 and angle DKF h 
g feat er lira n (Euclid^ I, 21). 

Draw ot perpendicular to the horizon from the centre 
of the .Click" a, and hikD: DF by the perpendicular 
and j.iio o D ; then, .fiucc the angle DcF is given, BoG 
Is gicc’ij alii), being zz I) c F (Euclid., 3, 20); alfo the an* 
gles G and /Icq being, right, and angle j 1 given by hypo* 
thefis, auoje Goc h given alfo, and cor fcquently Doc^ 
and file triangle Doc being ifocelcs, the angles at D and # 
arc boili given, and angle AcD alfo, being the compiemesat 
of Deo ; vv hence it will be 

Sine jL:D : iide /I I) :: fine A : fide cl) ; 

A 1 i iiir-' Doc : llde c D ;; fine Deo : fide Do ; 

And radiins : fide Do :: fine DoG : fide DG zz 4 DF^ 
which gives the ratio of AD to DF. Q^E,. D- 

Scho!itm» We have here fiippofecf the angle 
acute; but if it be taken obtufek or the ob* 
fervations be made on the other fule of A., the 
proportion of AD : DF may be found equally^ 
but i!>e greated angle under which the beairis 
appear will, be lefs ; thus, if oG be produced to 
O, fo that upon O, as a centre, a circle may be 
.deferibed to pafs through F and D, and touch 
the horizontal line in C; then, the greateft angle 
DC'F' will be at where the circle touches tlm 
horizontal line;, a 


SECTIOM 
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SECTION SECOND. 

Phemniena of the Auroras Boreales. 

THE appearances of the aurora come under 
four different deferiptions.-— — Firfi', -a hafiToonta! 
tight, like the morning aurora, or break of day. 
— Second, fine, flender, luminous beams, well 
defined, and of denfe light f thefe continue, -J, 
or 1 whole minute, fometimes at reft apparently, 
but oftener with a quick lateral motion. — Tliird, 
fiafoes pointing upward, or in the fitme direction 
as the beams, which they ahvays fuccced ; thefe 
are only momentary, and have no lateral mo- 
tion, but they are generally repeated many times 
in a minute ; they appear much broader, more 
diffufe, and of a weaker light, than the beams ; 
they grow gradually fainter till they dilappear. 
Thefe fometimes continue for hours, flalhing at 
intervals.— -Fourth, arches, nearly in the form of 
rainbows ; thefe, when complete, go quite acrofs 
the heavens, from one point of the horizon to 
the oppofile point. 

When an aurora takes place, thofe appear- 
ances feein to fucceed each other in the followins?. 
order ;-—Firft, the faint rainbow-like arches j 
fecond, the beams; and, third, the flafhes : as 
for the northern horizontal light, it will appear 
in the fequel to confift of an abundance of 

jlajhes. 
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in the magnetic call: and weft ; rnoredvef, thft 
beams perpendicular to the horizon are only 
thofe on the magnetic meridian. 

TKtCe have been the uniform appearances at Kendal for m 
feries of obfervatioiis paft) as has been related ; .and from, re- 
coiledion, and the notes made upon former appearances, as 
well as from the inference to be drawn from the later obfer- 
Tations, I have no doubt, the whole |r(i of the auroras were 
conformable to this defeription. 

' The- accounts from corroborate the fame; thehori^ 

:?;,ontal light is deferibed as extending from WSW. to ENE# 
and its higheft part in the middle, or NNW. or, wlien paff 
the zenith, SSE’^. — As for the vertical llreamers, their de- 
clination from the vertical circkb being fo fmall, except about 
the call and weft points, it is no wonder if there be fome la- 
titude in thefe obfervations, when the eye is to judge ; w'c 
do not find, however; that this latitude has exceeded 
from the magnetic meridian. 

That this phenomenon agrees with the cbfervations made 
in England, France, Germany, See. in the beginning of thii 
eeritury, when the aurora firft appeared, we learn from tht 
following ext radt« from the Traniciftions of the Parifiait 
Academy. 

' 1707. March 6, between 7 and 10 in thd evening, 
■£Ai/x fays an mrora horealis was obferved at there 

w.ere tvfo lumiaous arches, one above the other, both diredlf 

northward, 

'the horizontal arches, indeed, do not always appear tO' extend jufl % 
the magnetic eaft and Weft, but often to fall fhort oh and fometmes to- 
furpafs thofe points; the reafon is, we judge of its extent from its vi|ihi!ity 
above the ffnfibk horizon, and the light is either id faint by the great dif* 
tancev; or- obje<fts intervene, that we feldom fee the extremity of the 
within >, or 3^ of the horizon; this ct^trads or enlarges its viftbk extent 
imaitingly, when the arch maket a Imtl angle with:, 
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ilorAward, th^ir concavity turned downwards, tlieir choids 
pirilld to the boruon — The variation of the needle in. 
Qermanjy 8cc dt that time, was very little from the true 
north 

171^ M* Mtralih defcnbes the horizontal lights of the 
ttth, I2th> and 13th of April, as having all the r=ime fitua-^ 
tion, namely, e?:renc from 45 or 50® W to 35 01 30® eaft 
of the meridian.-— The variation at Fans was then about 
I point weftetly- 

— March 17 a rainbow-like arch was feen at Bujii 
it extended from E. to W- crofling the meiidian foutli of 
the zenith, foon after, a hoiizontal light was feen, extent 
from NW to NNE 

——At Rouen, the fame night, a horizontal light waJi 
feen ; us extent from 10® E. to 25 or 30° W 

— — dt Netxxaik, in NoiUnghamJh^ref it was feen between 
the NW, and N 

One fetn at Copenhagen^ February i, 1 707, is Lid to have 
extended from WNW to NNE. 

September 12, 1621, Gajftndus obferved an honzontal 
light, at Aix, in Ftovence , it extended between the fummer 
riling and fetting.— ~N. B The variation then was a litlle 
to the eaftwdid 

1718 March 4 M Mnaldt obfeived an horizontal 
light; extent from NW. to NE. but declining about 10®“ 
more to the weft, 

Thefe obfervations, compared with thofe recently made> 
fiiffiwientiy indicate that the pofinon of the horz%ontal t^ghu 
and nrehes, changes with the needle, and is now much more 
Wefterly than fotmeily* 

Z 2 It 

♦ Since writing the above, I find m the Philofophical TranfaOions of the 
Royal Society for 1790, vol 80, fcveral accounts of the rainbow like arches^ 
In Art 3 Mr after d^fcrihing fever j 1 itches, fiyb, ♦* the pob? of ail the 
w complete arches winch I have foen had a vananen from tlie poht 

** of the equator” — — Xn Art* 5. JV'r* Uu chirpn defoubes one feen oft 
the a3d of Februaty, 178;!, at Kmholton, (63 miles NNW Landm) to 
have extended from ifiNE. to ^SW , and a defcnption of the lame ap.* 
I»ea!ra»ce, not di^nng efientially, 1$ given m Art. 4, 



17 * On the Aurora Borealis. 

It (hould, however, be obferwd, that this phenomenoR it 
to be underftood as generaly rather than untverjal; becaufc 
the hormontal hghtSy and arches^ aie fometimes interrupted^ 
which caufes the aurora to be feen occafionally almoft wholly 
to the eail or weft of the magnetic meridian ; but on all fuch 
occafions I have obferved the inclination of the Ifeams inva- 
riably the fame, m the fame quarter of the heavens, as far 
as the eye could judge — ~In fd£t, if the horizontal lights^ 
£cc were not intenupted, the zone of light muft quite fur- 
round the not them parts of the eaith, at every appea^ancc^ 
which we aic pretty certain la fcldom, if ever, the cafe. 


PHENOMENON HI. 

That point in the heavens to which the beam 
of the aurora appear to converge at any place, 
is the fame as that to which the fouth pole of 
the dipptng-^needle points at that place. 

Granting the truth of the two pieceding phenomena, it 
follows, that the point of convergency muft be in the mag- 
Kieitc meridian 5 and tins point, from the beft obfervations X 
can make, between 70 and 75® from the fouth ; which 
agH*e<i With the obfervations at Kefwck . and it appears that 
the fltpptng-neidU in Mngland points to that part. — My notea 
upon the aurors for 4 or 5 years paft ftatc the point of con- 
vergcacy to the fouth of the ztnith, when a crown waa 
foimed, and I believe the remaik has been generally made* 
wherever the appearance was feen and attended to.— 

obferved the point 29^ fouth of the zenith, at 

« 

In liipport of the two laft phenomena I might alfo quote 
the ingenious /Imanusnjis whom I have mentioned in the in^ 
trodu&ion to this effay 5 he fays, ** that the lucid columnar 
** or radiating flafties of the aurora boreaits almoft always 

fhoot off from the north to the fouth, correfponding in « 

^ great 
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•* great mtafure to the magnetic meridian. And I have 
“ conftantly obferved” (adds he) “ the corona, concourfe, 
“ or concentration, d 1 may fo call it, of thefe lucid raya 
" near the zenith, fo much to the eaft of it as anfweied 
** nearly to the weftern declination of the common magnetic 
M needle, ~and I think I never obferved the corona to the 
weftward of it. 


PHENOMENON IV, 

The beams appear to rife above each other m 
fucceffion, fo that of any two beams that which 
has the higher bafe has the higher fummit alfo, 
or Its fumrait nearer the point of concourfc; 
the angle fubtended by the length of each beam 
is not the fame, it being gxeateft about half way 
from the horizon to the zenith, and lefs above 
and below *, alfo the beams to the fouth fubtend 
lefs angles than thofe to the north, having the 
fame altitude.— The greateft angle to the north, 
feems to be about 25 or 30*^ } and that to the 
fouth 15 or ao", 

phenomenon t. 

Every beam appears broadeft at or near the 
bafe oi bottom, and to grow narrower as it 
alfcends, m fuch fort that the continuation of its 
bounding lines would meet m the common cen- 
tre to which the beams tend ; yet the fummit of 
the beam is not flat, but pointed,— The highefl: 
beams feem about 3® broad> and the loweft 


"Tfa® 
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Xbe two laft phenomena are the refuk of my own obfer*^ 
vati,on,s chiefly , hut there is fome difficulty and micertaiiuy 
in meahjnng the anglea fubtended by the lower beams, by 
rcafon of their being one behind another; it muft: thcitforc 
be left to future obf^rvatious to determine more accurately 
the angles under which the beams appear m different paiU 
of the hemifphere. 


SECTION THIRD. 

Bropojitiom (;oncernm^ the Aurora Borealis.^ 

PROPOSITION I. 

THE luminous beams of the aurora horealu^ 
are cylindrical and parallel to each other, at 
lead over a moderate extent of country. 

The beams muff be parallel to each other, fiom Corol. to 
Prop. 2, and Corel 2, Prop i, Stift. i , and from Phenom. 
I. Hence, and from Prop. 2, Sedl. i, and Phenom. 5, 
they are cylindrical. 


PROPOSITION 

The cylindrical bt;ams of the aurora borealis 
tre all magneUc^ and parallel to the dipping-needle 
at the places over which they appear. 

From the Corol to Prop. 2, Sefl:. i, and Phenom. 3, it 
follows, that the beams are parallel to the dtppm^-needle ^ 
and as the beams are fwimming in a fiuid of equal dinfity 
with themfelvcs, they are in the lame predicament as a 
Aetic bar» or needle, fwimmmg in a fluid of the fame fpeciflc 

gravity 
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gravity with itrt.’f, tut th:s Jafi. will only reft in egutltirh 
when in the diuiStion of the »«'&•, owing ro what w 

ca”ed tht earth’s n.asr-’Ufm , and as the foimer alfo refts m 
that polition only, the Lftias being fimilar, we muft, by th* 
rules of philoCnphumy, ahisbe them to the lamecaiife — 
Hente, then it iollows, that the aorora borfalis is a 
liIAbNtvlXC PH bM ORt ENONj AND ITS BEAMS ARB COVEBlMBlI 
BV* THF EAPTH’s MAG\ETISM*. 


PROPOSITION III. 

The height of the ratnhow 4 tke arches of the 
aurora^ above the earth’s furface^ is about 150 
Enghfti miLs, 

This appears fioiti the calculation made from the obfem* 
tions Oil the I5fh of February, 1 793,-— but other obfetVations 
ought to he made at mote diftant places, to dfeertam tht 
hnght with more precifion Polfibly the height may be 
different at different timesf . 


Fito- 

* 1 am aware that an ohjefticn may be ftatea to this,.*r.If the beam* 
be fwimming in a fluid cf equal denfity, it wiU be faid they ought to bn 
drawn down by the aftion ol tht earth’s magnetifm. Upon this I may 
obr^rve, that it is not my bufinefs to (hew why dus is not the caft, becaufb 
1 propole the mai^etifm of the beams as a thin * demonftrable, and not as 
an hypotiurisr We are rot to deny the caufe of gravity, becaufe we cannot 
intw how the is produced —May not the difficulty he leilbned by 
ftippoflng the beams oS Ufs denfley than the furrounding fluid* 

Since writing die above, I find Mr Cavendtfi has, in Art* lo of thi 
Fhilofbphical IranMlonafor 1790, calculated the height of an arch dbm 
fcrvcd at difleient places, on the 23d of February, lyS^, to be betwixt 
and 7 1 miles — But, with deference, I would remarl:, that the obfervationa 
above mentiontd appear to me better cirotmftaneed dian thofe 
which his calculaiiQn » founded, and thereffire the refult of themncnoie tt 
be relied upon 
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1»R.OPOSITION IV. 

The beams of the aurora are fimilar and equal 
in their real dimenfions to one another. 

This not capable of ftnfi: dcmonftration, for want of 
more exa6k obfervatious ; it is, however, lendered extremely 
probable from Prop, 3 and j, ScA. i , and Phenom, 4 and 5. 
t— .Indeed the phenomena are almoft irreconcileable to any 
other fuppoiition. 


PROPOSITION V. 

The diftance of the beams of the aurora from 
the earth’s furface, is equal to the length of the 
beams, nearly. 

Allowing the truth of the laft propofition, and comparing 
Prop. 5, Se<Si:. i, with Phenom, 4, we (hall find the phtno» 
menon to agree beft with the fuppolition of the equality of 
the diftance and length of the beams. 

We have here fubjoined the refult of a calculation of the 
angles fubtended by the beams, on three diffeient fuppofi* 
rions, namely, ift, when the length of the beams is equal to 
their diftance from*the earth; zd, when the length is but 
half that diftance ; and, 3d, when it is twice the diftance.*-** 
The calculation is eafily made by inverting Prop. 5, Seft, X, 
and fuppofing the point c variable, where we have the ratio 

AD to DF^ inftead of the angle DcF given ; the beami 
are fuppofed to be thofe in the plane of the magnetic men** 
dian, both north and fouth of the zenith, and their bafes are 
taken at 10®, 20^, 30^, &c. altitude. The angle FAc ii 
fuppofed 72®* 

I 

When accurate obfervations fliall be made, I have xii 
4oubt the angles on the zd fuppofition will be found too 
little, and thofe on the gd too great. Angles 
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Scholium. It is very probable the rainhowMe arche:: are 
either at the top or bottom of the heams^ and I am inclined 
to think they are at the top, not only becaufe their light is 
faint, but becaufe the beams fhoiild be feen at a much greater 
dittunce than it feems they are, if they were 300 miles high, 
or twice the height of the arches; and the obfervations on 
the 30th of March, 1793, feem to confirm the opinion of 
the bafes of the beams being 60 or 70 miles high, or about 
half the height of the arches. 


If the fummits of the beams be lyo miles high, their 
bafes will, accoiding to this propofition, be 75 miles high, 
and the whole length of the beams about 75 miles, or, more 

nearly, 75 miles X tf the diameter of the 

bafe be yV the length, each luminous beam will be a cy«» 
linder of 7^ miles in diameter, and 75 miles long*. 


A a 


N.-B. 


* If a magnet be required to be made of a given quantity of ftc-el, it is 
found by experience tot^anfwer beft wl ten the length is to the breadth as 
10 to I nearly *. it is a., remarkable circumftance that the length and breadth 
of the magnetic beams of the aur&ra 0 iouid be fo nea^y in that ratio.-— 
Query, if a fluid mafs of magnetic matter, whether elariic or inelaftic, were 
fwimming in another of equal denfity, and aded on by another mag- 
net at a diftance, what form would the magnetic matter rdlume ? Is if: 
not probable it would be that of a cylinder, of proportional dimcnfiona ta 
nhe beams of the f 
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N. B. An object elevated 75 Englifii miles may be fee^i 
At the dlftance of 10. geographical degrees; if elevated 150 
mik.s it may be feen 14'^ 5 if 300 miles, 20^\ 


PROPOSITION VI. 

That appearance which we have called the 
honzonial lights and which is always fituate near 
the horizon, is nothing but the blended lights of 
a group of beams y ox JiaJhes ^ v^hich makes the 
appearance of a large luminous zone. 

The figure to Prop. 3, Sedl. i, reprefents a fen'es of 
beams fiich as thofe of the aurora^ in the plane of the 

magnetic meridian, and C the place of obfervation. And it 
is proved in Prop. 4, Sed. i, that the lights of the diftant 
beams in that plane will be blended, to a certain elevation, 
to the obferver at 6*, Imagine a feries of planes parallel to 
the plane of the magnetic meridian, with beams fitiiate in 
them likevvife ; then, from the principles of optics, the 
rows of beams in every two of the planes will appear to 
approach each other, as the, diftance from the obferver in- 
creafes; and when that diftance becomes indefinitely great 
they will all feem to coincide ; hence the beams will appear 
blended, both, horizontally and perpendicularly, and will 
confequently conffitute a large zone of denfe light. This 
zone mull appear at right angles to the magnetic meridian, 
becaiife it is obferved (Phenom. 2.) that when the beams of 
the aurora extend over a great part of the hemifpherej they 
are always bounded by an arch cr offing the magnetic meri- 
dian at right angles. 


SECTION 
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SECTION FOURTH. 


Theory of the Aurora Borealis. 

IN the preceding feftion we have deduced 
the nature of tlie aurora, merely by combining- 
mathematical principles -with the phenomena ; 
the conclufions, therefore, are not drawn from 
hypothefts, but from facts, and muft hold, as far 
as the fa^ls are well afeertained, and the prin- 
ciples truly applied. — In this feftion we mean to 
propofe fomething by way of hypothefis, to ac- 
count for thole phenomena. 

The light of the aurora has been accounted 
for on three or more different iuppolitions : 
I. It has been fuppofed to be a flame arifing 
from a chymical effcrvefccnce of cqmbuflible ex- 
halations from the earth. 2. It has been fup- 
pofed to be inflammable air, fired by electricity, 
3. It has been fuppofed ele£tric light itfelf, 

The firlt of thefe fuppofitions I pafs by, as 
utterly inadeiiuate to account for the phenomena. 
The fecpiid is prelVed witli a great dilliculty bow 
to account for the exillence oi Jlrata of inilain- 
mable air in the atmofphere, fince it appears 
that the dilVerent claflic fluids, intimately mix 
with each other; and even admitting the exiil- 
cncc of thefe Jlrata, it feems unnecefiary to in- 
Aaa troduce 
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troduce them in the cafe, becaiife we know that 
difcharges of the dearie fluid in the atmofphere 
do exhibit hght^ fimm the phenomenon of light- 
ning. — From thefe, and other reaions, fonie of 
which fhall be mentioned hereafter, I confider it 
almoil beyond doubt that the of the aut ord’ 
Borealis, as well as chat of falling Jlers and tlie 
larger meteors, is electric light Iblciy, and that 
there is nothing of combuitioii in any of thcic 
phenomena. 

Air, and all elaflic fluids, are reckoned 
inoiigfi: the non-conductors of electricity, lliere 
feeois, however, a difference aniongft them in 
this refpedl.; dry air is known to conduft worfc 
chan moift: air, or air faturated with vapour* 
Thunder ufually takes place in furnmer, and at 
foch times as the air is highly charged widi va- 
pour ; when it happens- in winter, the barometer 
is low, and confequently, according to our the- 
ory of the variation of the barometer, there is 
then much vapourized air: from all which it 
fecnis probable, that air highly vapourized be- 
comes an imperfect conductor, and, of caiirfe, 
a difeharge iriade along a Jlratum of it, will ex* 
hibit light, which I iuppofe to be the general cafe 
of thunder and lightning. 

' Now, y. from the conciufionS' in the preceding 
feCiions, we are under the neceflity of confldering 
tilt i^eams of the aurora borealis oi'd^ -ferruginous 

. nature,^,. 
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nature, betaufe nothing clfe is known to be 
magnetic, diiH coniequently, that there exifts in 
the higher regions of the atmofphere an elafiic 
flunl partaking of tlie piopeities of iron, or ra- 
ther of mn^tie/ic JlccK <ind that thi^ fluid, doiibt- 
lefs from its magnetic propeity, aflumeb the form 
of cylindric beams. — It fhould feein too, that 
the rainbow-like arches are a fort of rings of the 
fame fluid, which encompafs the earth’s northern 
magnetic pole, like as the parallels of latitude do 
the other poles ; and that the beams are ar- 
ranged in equidiftant tows round the famejsole. 
At firfl; view, indeed, it feeins incompatible with 
the known laws of niagnetifin, that a quantity of 
magnetic matter fhould afluine the form of ftich 
rings, by virtue of its magnetifin; but it may 
take place in one cafe at lead, if we fuppofe 
the rings fituate in the middle,’ between two 
rows of beams, fo that the attraftion on each 
fide may be equal. As for the beams, in their 
natural ftate, when not afted upon by caufes 
hereafter to be mentioned, they niufl: ail be 
guided by the earth’s magnettfm (1 mean the 
caufe that guides the needle, whether it is m the 
earth or air 1 know not), and confequently all 
have their north fclci downward, but whether 
any two neighbouring beams have the poles of 
the fame denomination, or of different denomi- 
nations, aiSting upon each other, fliH the effeft 
will be the fame, and their mutual action upon 
•acb other not diflurb their paralldifm, nor the 

pofition 
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^ pofition'^of th-e rings; becaiifc*, whether the pole 
inutiiallj attrad or repel each other, is of ik 
moment in this cafe, and the att:ra£ljori of eaci 
pole is alike upon the rings. 

Things being thus ftated, I moreover loppofe 
that this elaliic Iluid of magnetic: niatrer is^ hki 
vapourized, air, an imperfe^ condutior of tied: i 
city; and that when the cquilibriinn of* elrcuieitj 
in the higher regions of the atmofpricfc is dif 
turbed^ I conceive that it takes thele beams ant 
conductors, and runs along from out 
quarter of jhc heavens to another, €x}iibitiri|3 
all the phenomena of the aurora ' borealis l\u 
reafon why the dimife flaflies fuccecd the man 
intenfe light of the beams is, I conceive,, becault 
the elearicity difperfes the btauis in fomc de- 
gree, which collea again after the ckaiic cir- 
culation ceafes. 

Many of my readers, I make no don!»t, will 
be furprifed to find, after having Jormed a con- 
ception that the relation betwixt the c.’inr.i atu] 
inagnetifin was to be explained and demon- 
ftrated, chiefly if not folely, from the (ibll rv;!- 
tions on the diflurbance of the needle <Iniiie; 
the aurora, that no mention or life whaievi.t is 
made of thole obfervations, m the prt*i'4‘dmf» 
le<ftions* In faef, the relation above nieniioneil 
is demonllrable without any reference to tiieiii , 
notwithftanding which, they not oniv conoboi 


rate 
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rate the proof of it, but almoft eftablifli the truth 
of the hypothefis we are here advaadfig. 

The variations of the needle during the aurora, 
as may be feen in the obfervations, arefo exceed- 
ingly irregular, that after confidering them a 
while, one would conclude this is the only faS 
afcertaiiied by thefe obfervations. However, I 
think we may deduce the following.: . 

I. When the aurora appears to rife only 
about 5, 10, or 15*' above the horizon, the 
difturbance of the needle is very little, and 
often infeiifible. 

1. When it rifes up to the zenith, and pafles 
it, there never fails to be a conliderable difturb- 
ance. 

3. This difturbance confifts in an irregular 
ofcillation of the horizontal needle, fometimes 
to the eaftward, and then to the weftward of the 
mean daily pofition, in fuch fort that the greateft 
excurfions on each fide are nearly equal, and 
amount to about half a degree each, in this place. 

4. When the aurora ceafes, or foon after, the 
needle returns to its former ftation. 

Now, from thefe fads alone, independent of 
what is contained in the preceding fedions, I 

think 
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think we cannot avoid inferring, that there is 
fomethirsg inagiietic con/iantly in the higher re- 
gions of the atmofphere, that has a fliare at leaft 
in guiding the needie; and that the iludluations 
of the needle during the aurora are occafioned 
by forae muiations that , then take place in this 
magnetic matter in the incumbent atinofphere ; 
for, it is certainly improbable, if not abiurd, to 
fuppofe that the aurora produces this . magnetic 
matter, at its commencement, and dejiroys it 
at its termination. Moreover, abfl rafting irom 
a chymica! folution of the metal, notliing is 
known to affeft the magnetifm oi Jleel^ but heat 
and eleSlrkity ; hiczi weakens, or dcflroys it; 
eleftricity does more, it fometimes changes the 
pole of one denomination to that of another, or 
inverts the magnetifm. Hence, we arc obliged 
to have recourfe to one of thefe two agents, in 
accounting for the fnutatious above mentioned. 
As for heat, we fhould find it diflicult, I believe, 
to affign a reafon for fuch fudden and irregular 
produftions of it in the higher regions of the 
atmofphere, without introducing eleftricity as an 
agent in thofe produftions; but rather than 
make fuch a fuppofidon, it would be more phi- 
lofophical to fuppofe eleftricity to produce the 
effeft on the magnetic matter immediately. Hence 
then were we obliged to form an hypothefts oi 
the aurora borealis, without any other fafts re- 
lative to it than the four above mentioned, wc 
ought to fuppofe it a phenomenon produced in 

fomc 
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- In fine, the conclufions in the laft feftion, and 
the hypothefis in this, afford a very plaufible 
reafon for the appearance of the aurora being fo 
much more frequent now than formerly in thefe 
- parts ; if the earth’s magnetic poles be like the 
centres of the aurora^ as the phenomena indicate, 
it is plain the aurora inuft move along with 
them, and appear or difappear at places, accord- 
ing as the magnetic poles approach or recede 
from them ; and hence it may be prefurned that 
the earth’s magnetic pole in the northern hemif- 
phere is nearer the weft of Europe in this century 
than it was in the laft .or preceding. — The ob« 
fervations upon the dip of the needle, however, 
if they have been accurately made, feem to in- 
dicate the approach of the magnetic pole to have 
been very little ; the dip at Eondon^ according to 
Mr. Cavallo, was 71*^ 30' in 1576, and 3' 
in 1775 ; but there is reafon to fufpeft the ac- 
curacy of the inftruments at lb early a period as 
1376; befides, we do not know in what pro- 
portion the dip of the needle keeps pace with, 
the approach of the pole. 

It may perhaps be necefTary here, before the 
fubjeft is difmilfed, to caution my readers not to 
form an idea that the elajik fluid of nuignetk 
mattery vdcAch. 1 have all along conceived to 
exift in the higher regions of the atffioljphere, 
is the fame thing as the magnetic fluid or ef- 
fluvia of moft writers on the fubjed of mag- 

netifmt 
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lietlfm. This lafl; they confider as the efficient 
caufe of all the magnetic phenomena ; but it is 
a mere hypothefis, and the exiftence of the 
effluvia has never been proved My fluid ofl 
magnetic matter is, like magnetic fteel, a fub- 
ftance polTelTed of the properties of magnetifm, 
or, if thefe writers pleafe, a £ub fiance capable of 
being a6:ed upon by the magnetic effluvia^ and 
not the magnetic effluvia themfelves. 

Whether any of the various kinds of air, or 
elaftic vapour, we are acquainted with, is mag- 
netic, I know not, but hope phiiofophers will 
avail themfelves of thefe hints to make a trial 
of them. 


4 

SECTION FIFTH. 

An invejiigation ofl the flu-ppofled flffed. ofl the Moosp 
in producing the Aurora Borealis*. 

SOME time after the author began his ob» 
fervations on the aurora borealis^ it occurred to 
him that the phenomenon had more frequently 
happened about the change of the moon than at 
B b 2 any 

* An effay on this fubje£l was firft publiihed by the au- 
thor in the beginning of 1789, in Mr. Davifon’s Maihsmatikal 
md ^hilofophieal Repofiforp, 
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any other time; this produced' the fufpicion that 
the Eerial tides occafioned by the moon might 
have forae influence upon it. Granting this to 
be the cafe, it was obvious, the full moon muft 
have an equal fhare with the new, though the 
phenomenon may often be then invilible, owing 

to the light of the moon - Having now an 

enlarged lifi; of obfervations, we lhall refume the 
fubjedl; afreflj, and exantine what countenance 
the obfervations give to the fuppofition. 

In the lift of obfervations we have placed the 
■moon’s age, both with refpedl to change and 
full ; collating, therefore, the whole number of 
obfervations to each particular number expref- 
fing the age, we lhall have the following ferics : 

andfull. jo I i 3 4 5 6 7 

No. of obfervationa. I4 25 21 20 19 ao *5 21 

Days pall channel „ 

and full. j 8 9 10 II 12 13 14. 

No. of obfervations. l8 ^3 15 6 lO 1 3 9. 

(*z) 

As the lunar revolution is completed in 29I- days 
nearly, one half of a lunationis 14|: days; hence 
the obfervations under 1 4 do not ftand the fame 
chance as the reft, there being only ^ of the 
number of periods that have a day correfponding 
to this number : the number of obfervations 
under it ought therefore to be increafed in tb« 

ratio 
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ratio of I to i, or be 12 inftcad of 9, in order 
to make a fair divifion of the terms of the feries. 
ISfow the fpring tides will fall a’lmoft wholly in 
the firft half of this period, and the neap tides 
in the laft ; dividing the terms of the feries, 
therefore, into two equal portions, taking half 
of the odd intermediate one to each, the fums 
of the portions are as under. 

Spring tides. Neap tides. 

No. of aurora. 144-1. 1074. 

Ratio 4 : 3, nearly, which 

is favourable to the fuppofition. 

It may be objeQed, that as the latter divifion 
contains the whole of 'Ctse, Jeconi quarter of the 
moon, when its light is ftrong, and when it is 
above the horizon all the time there is to obferve 
the aurora^ the phenomenon is not noticed as 
often as it takes place in that quarter. — ^This 
may be right, but it Ihould be obferved, that the 
laft quarter of the moon, which is wholly exempt 
from this objection, falls in the fame divifion ; 
and both the firft and third quarters, conftituting 
the other divifion, are in part liable to the fame 
objeftion. 

However, in order to determine whether this 
objedion is of fuch import as to counterbalance 
the apparent conclufion contained above, it may 
be proper to find and compare the number of 

obfervatione 
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obfervations in the firft and laft quarters only.’-^ 
This being done, on the principle above ufed, 
the numbers hand, 

Fjrft quarter, or fpring tides, Laft quarter, or«eap tides. 

93r 8i. 

From which it appears the phenomenon is ob- 
ferved more frequently in the firft quarter of the 
moon, though liable in part to the above ob- 
jeftion, than in the laft quarter, which is wholly 
free from it. 

Prefuming then from what is done above, that 
thofe periods of the lunar months, when the 
higher tides are in the air, are moft fiibjed to 
the phenomenon in queftion, it ftiould be ex- 
uded, that thofe timfes of the day when fuch 
tides are in the atraofphere, Ihould like wife be 
more fubjedl to it than others. Now the fpring 
tides in the afternoon always happen in the in- 
terval from 2 to 8 o’clock j confequently, tlie 
opportunity of making obfervations upon the 
phenomenon in this interval will often occur in 
in winter, and in fummer, owing to the 
twilight.— It ftiould feem then, that the winter 
obfervations ought to favour thehypothefis more 
than the fummer ones.— In fa£l:, we find this the 
cafe. The obfervations in the months of No- 
vember, December, and January, being arranged 
Mid furamed up as above, give, 

spring 
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Spring. ■ Neap. 

A-oi. * 44 * 

And thofe in; the months of May, June, July* 
and Auguft, give, ! 

Spring. Neap. 

ayl. 244- 

As the tides are higher in fpriiig and htitutnil 
than in fummer and winter, the phenomenon 
ought, according to hypothefis, to occur more 
frecpiently in the two former feafons than in the 
fcpo latter. The number of obfervations in the 
different months ftand thus : 

|hrt. Feb. May. April May Jiine July Aug. Sep. 0£^:. N6V. Dec. 

18 18 26 32 21 5 .2 21 23 36 38 9. , 

The fmall number in June and July is undoubt- 
edly owing in great part to the twilight ; but 
the deficiency in December, January, and Fe- 
bruary, cannot be owing to the fame caufe. 

Upon the whole, I think it is not improbable 
that the agitations caufed by the moon in the 
very high regions of the atmofphere, which we 
may fuppofe are not much agitated by the tem- 
pefts in the lower regions, may have fome effedt 
upon the phenomenon in queftion ; and the fup- 
pofition is evidently eouBtenanced by the feveral 
.faQ;s ftated above. 


SECTION 
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SECTION SIXTH. 

An invejiigation of the effed of the Aurora Borealis 
on the Weather fucceeding it. 

VARIOUS have been the conjeUures on this 
fubjecl offered to the confideration of the public : 
feme affert that the aurora has no fenfible efFedfe 
upon the weather; others that it is very fre- 
quently followed by rain foon after. 

In the American Philofophical Tranfaftions, 
we find it obferved that the barometer falls after 
an aurora. 

Having a large number of obfervations on the 
Murora, together with thofe on the barometer 
and rain, we are prepared to examine thefe opi- 
nions, and we do it the rather becaufe if any 
thing can be afeertained on this head, it mufl be 
regarded as a valuable difeovery, confidering the 
prefent very imperfed ftate of meteorological 
prognoftication. 

Since the fpring of 1787 there have been aay 
aurora obferved at Kendal and Kefwick ; 88 of 
the next fucceeding days were wet^ and fair ^ 

at Kendal; now, in the account of rain, the 
mean yearly number of wet days there is ftated 
at 217, and of epurfe the fair days are 148 ; 
hence the chances of any one day,, t^en at ran- • 
; I V dou\, 
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^om, 'being wet or fair, are as thefe numbers* 
But it appears the proportion of fair days to wet 
ones fucceeding tht: aztror^s^ \s much greater than 
this general ratio of fair days to wet ones ; the 
inference therefore is, that the appearance of the 
aursra borealis is a prognoftication oi fair weather ^ 

The only objedlion to this infefence which oc* 
eurs to us as worth notice is, that the auroret 
being from its nature only vifible in a clear at* 
mofphere, this circumflance of itfelf is fufficient 
to call; the fcale in favour of the fucceeding day 
being fair, without confidering the aurora as 
having any influence either direflly or indire£Hy. 
• — This objection has undoubtedly fome weight ; 
but upon examinining the obfervations, it appears 
that the aurora not only favours the next day, 
but indicates that a feries of days to the number 
of lo or 14 , are more likely to be all fair, than 
they would be without this circuinllance. 

Of 447 obfervations, 139 W'cre followed by t 
or more fair days, 1 00 by 2 or more &c. as under. 

« a 3 4 5 6 7 8 § 10 II IS 

13^100 69 5s 3$ 30 si 16 10 6 ' 2 1. 

According to the laws of chance, the proba- 
bility of any number of fuccellive fair days is 
found by raifing to the power, whofe index 
is the propofed number of fair days; thefe pro- 
babilities being multiplied by 227 will give what 

C c the 
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tlie above feries ought to have been,' if this au- 
' rora had no influence j it is as under. 

» 2 3 4 5 6 

g? 38 15 6 - 2 t ; 

From ■which it appears, there fhould not Iiave 
been mere than i (luror a out of ■ii'j. foHo-vved 
by 6 fair days, and yet in faft there were ^5.0; 
whence the inference above made is confirmed. 

As for the different feafons of the year, I find 
the aurora is more frequently followed l>y fair 
weather in fummer than in winter j but the 4if* 
tinftion is not very confiderable. 

It may be obferved that the largefl: and mqfl: 
fplendid appearances of the aurora, as they ufu- 
ally happen in rainy and iinfettled 'weather, they 
are frequently fucceeded by i or more wet days; 
but i do not find any of thole very remark aide 
.ones which happened on a fair day, W'as fuc* 
ceeded by a wet one. 

Upon examination of the effea of the aurora 
tipoB the barometer,. 1 find, that fince the igitlfe 
of September, 1787, there have been 219 obfer- 
vations, and that in 120 of thefe inflances the 
barometer was rifen next morning, and fallen in 
99. -This circumftahee, therefore, corroborates 
the inference before made, that the aurora is a 
ugn of fair weathei*, . . 

Cenerai 
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General Rides and Obfervaflons for judging 
of the Weather. 

T OTWITHSTANDING we have departed 
pretty much from our original deiign of 
expatiating on this fubjed, we think it may not 
be amifs to colled ibine of the fads and obferva- 
tions that are diffufed through the work, which 
relate more immediately to the fubjed, and to 
add thereto a few more obfervations. 

I. The barometer is higheft of all during a 
long froft, and generally rifes with a NE. wind ; 
it is lowed of all during a thaw following a long 
froft, and is often brought down by a SW. wind. 
See page 112. 

ji. When the barometer is near the high ex- 
freme for the feafon of the year, there is very 
little probability of im mediate rain- See page 151. 

,3. When the barometer is low for the feafon, 
there is fcldoin a great weight of rain, though a 
fair day in fuch a cafe is rare. See page 150. 
The general tenor of the weather at fuch times 
is, (hort, heavy, and fudderi fliowers, with fquall's 
of wind from the SW. W. or NW. 

4, In fiitmmer, after a long continuance of fair 
weather, with the barometer high, it generally 
falls gradually, and for one, two, or more days, 
before there is much appearance, of rain. — if tiie 

: m 
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fall be fiuKlrn and great for tin.* f'caion, if wl!| 
jprobably be followed by thundn. 

5, When the appearances of t!ir Hfv are vt ry 

proiniflng for fair, and the ^arcnni fer ro f!;r f'iiiio 
time low, ic ma\ he upor. ri r apt" ar- 

Itnces will not coiuimu fo ion;;. I in* hoc » i liit 
iky changes very fiidiieiny oji fuJt oce.o'mns. 

6. Very dark aiul dcnl’e clouds f* if. over with* 
out rain when the b.rromcter U high; ulinaas^ 
wlien the baronietcr is low, i; fonu-finus raini 
ahnofl without any appearance of eloudi. 

y. All appearances being tltr f.imf. the higher 
the barometer is, the greater the probahiuty of 
fair weather. 

8. 'I'liundcr is ahnofl always precee’rd by bo| 
weatlier, and followed by cold and iliowcry 
weather, 

9. A fuiitlen aj»d extreme change eif tempera* 
ture. ot tlu: at inofplicre, rittier bi mi hrai 10 cu!<j 
or cold to iieat, ts gemiaby hUu.vid by rail 
within 14 hours, 

10. In winter, tiuiing a frtdf, if it begin tl 
fnow, the temperature ui the air t;em ralh riki 
to 3*^’» tknd toiitinues tin re whilfl tSii fnow }.dl|| 
alter which, if the wcathfr tkat up, expea k* 
vtit cold. 

n. Ihc aurora hrenfis is a prngnoftic of fall 
weather, ijcc Jhiiay S, iSeit 
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^ppendix^ rontahnng additional NoteSf tsTc, tM 
dijj'ermt parts of the Work. 

PAG£ 8. 

T he height of Kendal above the fea was fet 
down i 5 yards, by efhmation only ; 1 have 
Cnee found, by Icvehmg with the barometer, 
that Stramongate bridge., at Kendal, is 46 yardi 
above Levens bridge, to which the tide flows { 
though u feeins the furvey for the intended canal 
makes the height iefs : I am not aware of any 
circumdance that could lead me into an ettor. 


Mr. Crofthwaite has lately determined, by le- 
velling with a very good theodolite, that Bajeti* 
thwaiie-lake is 70 yards above the level of thd 
fea, and that Derwenulake, which is 10 yardi 
below his barometer, is 76 yards above the level 
of the fea; I'make the laft mentioned lake 
yards above the level of the fea, from barome- 
trical obfervations ; but if I have made an error 
by determining Kendal 5 yards too high, the ie« 
fults of our obfervations will be reconciled •. 

♦ The height of the following placet aWe the level of 
the fea have been determined aa under ; the obfervatioaf 
with the barometer were made by myfelf, and ihofe with 
the theodolite by Mr. Cr^hvamte, 


, ,, Prom baton*. eW. fiem ^ the<d4il|» 

Windermere late » . * . 2d yarda. - 

Dunmatl-raifithutove offtones 7 


in the boundaiy of Cumber* >• #45 . 
bind and (f^^morland J 
Letslm klti • > • • « 2|S ■ 


•7J* 

«8a. 


mi 
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manner by the united agency of inagnetifm and 
eleflricity. 

It appears then, that the difturbance of the 
needle during an aurora equally countenances 
the conclufions drawn in the lafi: feflion, and 
the hypochefis adopted in this; and it may be 
accounted for on the hypothefis, as follows. 

The beams of the aurora^ being magnetic, 
will have their tnagnetifm weakened, deftroyed, 
or inverted, pro tempore, by the fcveral eleftric 
Ihocks they receive during an aurora or per- 
haps the temporary diljierfion and diffufion of 
the magnetic matter thereby, may confiderably 
alter its influence ; when, therefore, the altera- 
tions on each fide of the magnetic meridian do 
not balance each other, the confequcnce will be 
a difturbance of the needle*. 

Bb In 

I conceive that a beam may have its rnaf^netifni in- 

verted, and exift; fo for a time, becaufc tlie repnJUon, ailing 
longitudinally upon it, will only impel it to that diretSliGn, 
and not turn it round ; jufl as the north pole of a magnet 
may be applied to the north pole of a magnetic needle, 
without turning it round, by keeping the magnet exadly 
in the fame line with the needle, and thus making tlie needle 
adf upon the centre. And i further conceive, that when 
the beam is reftored to its natural pofition of the north pole 
downward, it is effefted, not by inverting, the beam, wholly 
as a beam.,i (for^ tills Is never obferved in an' aurora) - but' by 
inverting the' conftitiicnt |)artkk% which may eafily be ad- 
mitted of a fluid* 
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.j^ajhes, or bea?ns, blended together, owing to the 
fuuation of the obferver relative to them. 

Thefc diftinflions, and the terms appropriated 
for them, muft be kept in view, in attending to 
the following phenomena. 

PHENOMENOK I. 

The beams of the aurora borealis appear, at 
all places alike, to be arches of great circles of, 
the fphere, with the eye in the centre, and thefc 
arches if prolonged upwards would all meet in 
one point. 

This is conformable to ray own obfervations, and to all 
the accounts I have feen of the aurora. 


PHENOMENON 11. 

The rainbow-like arches all crofs the magnetic 
meridian at right angles ; when two or more 
appear at once, they are concentric, and tend to 
the magnetic eaft and weft ; alfo^ the broad arch 
of the horixontal light tends to the magnetic eaft 
and weft, and is bifefted by the magnetic meri- 
dian ; and when the aurora extends over any 
part of the hemifphere, whether great or fmall, 
the line feparating the illuminated part of the 
hemifphere from the clear part, is half the cir- 
cumference of a great circle, croffing the mag- 
netic meridian at right angles, and terminating 

,Z.: in 
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I>agf zg > — ^Tlie gieateft luat experienced for ^ 
Ihe'taft 5 years, at Kendal, was on tin i(i <>f n\i- * 
guft 1792; but the heat ot the prt h lU ytai , >>n'5, 
exceeded; the thermometer 111 thclhadt was 83'' *• 
90 the I ith, and 84I pn the 15th ot July. 

J^age 39. — There is a great difcoidatice in thije 
height of Shddaw, as dctermineil by tlie obit r* 
vafions of pcrions , I have iinuitktti 

that Mr Cnjttjwatie made it ioi;o yards aiiove 
Derwent lake, I find fince that Mr Donald made 
k logo yards above the lia, and geS abme 
Bcffinthwaite lake. Mr. Ctollhxuaitet by a liter 
adineafurement, determines its lieight icco \au!s 
above Derwent lake.— “On the a6th ol duguft,, 
J793, I attempted its height by the baiotm ler, 
Igr which purpofe the lollownig obfeivatujns, 
were made. 

4 it 3h 30m P M the barometer tipon the fiimmk 
(jf Sitdi/a’ui, when the pi oper alio w.incc for ths 
life of the meicury in the refervoii w*h made. 

rfoodat a(S.7p!iKhei. 

Mri Cr’2/?4w<ii*’8haromctei at Ke/wici, nllowinjj 
for the fradll difference of the bnhiinitein when 
together, at the fume time, Hood at * - apyi J-— — - 

^tached theratonteter aliovc was, in the ihatie, • 4®** 

^ detached thermumeur below was, 111 the (hade, « 

t Now* 

My otfcmtions^vrcre taken both in going to an <3 irturn-* 
ing from and cornpaied w*tb nearly tolrmpoarjir 

obfervationa at Kmhi and Kejmick ; at th« founcr tt*TU thow 
air was dry* and at tke latter moifts the clcvatioMS wrre 
found fomcthing kfs by the later obfcmtioni* but tiic* 

was ooly a ^ixitli^Lieubu IbU tad ta JOtmmdMipfS 
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■ Now, bf applying the theorem at page 81 , w6 
find the elevation ofthe tipper barometer abovethfi 
lower 945i yards ; 'w'hence, adding io| yards, wi 
get the height of Ski-dd^i<iv 2 hb\it Derwent lake''-:^ 
556! yards, and its height above the fea cotnej 
out 10375 yards. — It had been a good deal'-csf 
tain on the morning of that day, and' the clohdi 
were juft broken off at the time of the obferva- 
tions, tlie air remaining ftill very foft ; frotft 
which circumftance 1 am inclined to think that 
the height above determined is rather too little j 
for I have found by repeated obfervations upon a 
hill 3 1 o yards high, that the heights are found lefs 
by the theorem as the air is fofter, cateris paribUii 
1 think therefore we may conclude bkiddaw to be 
nearly 1 000 yards above Derwent lake, agreeable 
. to Mr. Cra/ihwaite'& laft meafunnent, till its height 
. can be more exa^lly aCcertained by a repetition-of 
. obfervations*. 

AFTER 

’ ■ V 

* Mr. €rfiJihmattM makes the height of Let&igi 2fTioth€f 
siimintain in the neighbourhood of Kefwick, to to be 31^ 
yards above Derwent lake : by obfervations on ihe barometer 
the above mentioned day^ I found its height 312 yar'drt 
which, for the reafon alfigned above, is probaliily too iittle. 

ffeheliyn is a mountain clofe by the road leading fipiH 
Kmdalto Mefrmcky about Smiles from the latter place 
has always juftly been confidered higher than Sktddaw^ O# 
the 27th of i^ugud I made the following obferfationS^^t^^^^ 
determine itS;height-. 

I h‘s 36m ■ Fi. ■ M. at' the' ftemity cc^re^cd 

harometer below, i o yards above » 29.354^ 
,,A detached thermometer at ' rhe fomrnit* was- , • * •. 43-'®!^':'- 

: •' ‘ "IxOiSfc' 
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AFTER I had obfervcd the aurora hrntlh tt> 
to difturb the needle fo } .tally, as it. rtUiied in 
the addenda to the obftivations on that fu.i.l, f 
conjet^nred, aprtert, that 'Imnde r-llorms v.uuUt 
do the fame ; accordingly, 1 watclud the lutiiie 
for a confide table time tliinng tht only tluiiu!ti» 
ftortn we had at Kendal m the lummrr f*l *793* 
namely, on the evfti'og of the 3d of A«;. ult j 
but, far from ptrciiviitg any unurual fluclu.(tion„ 
1 could not difeovtT the needle was pert rptiMjf" 
dtfturbcd all the while, ,nid u conuiiULtl 4 l th« 
fame ilation the next niotiung. 

On the _fiote of Vapour in I he ^tinnfphere., • 

See page 134, and Jolkningt 

AKfER making foinc cxperirnt rits upon the 
eire3s of the condenlation ol atitiofplierie air, m 
a glafs veflci, by means ot a lyrmge, fiotn wlnrh. 
I find that repeated condenlation ptoducei a tie- 
pofition of water upon the inlidc ol the Kiafi, 
and repeated rarefaabn tctnovei the lame ; a'fo* 

having; 

From which the elevitlon of the upper hatometer ahwer the 
lower cornea out 869^ )Blrl^ } to w huh adding 17I «od le# 
we get the height of Hthelljit .tbovc the feu ss lojoj 7«td*, 
But It fliould be obferved the ftjte i»f the air waa ftiH m«ir« 
inoiil than when I was upon SiufJatit, and the obicieai wn ae 
lop WM taken during a ftower 1 fiom which it ti p.i.baJd* 
the height of HehrUya above the fea i« nraily uoo ya«d*a 
Mr AenaW makes It I lot above the fea.— .About tOO >at«!» 
below the fiimmit there is a very fine fprmg, from whieh ■ 
large ftream of water defeends all the veer roMiid, with little 
variation in quantity at the diffcient fiafotii, aa my gukk i*- 

lurmcd me't ita temperature 1 found t« be 3 l*» ' 
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having made fome cxpeiimonts upon the cfFcfl: 
of heat on wait., thrown into the vdcttum of a 
convn'n haromctei, v.hich tfnd to confirm thofe 
the > *"011 of winch is gutn at page 131^, — 1 am 
confinied in the opinion, that the vrpoitr of luiu 
ter ( and probably of mojl other liquids* J exijis at 
all times in the atwfpbct e, and ts capable of beat ing 
any known degree of cold •without a total condenfa- 
non, and that the vapour fo exifling is one and the 
fame thing with fleam, or vapour of the temperature 
ef 212'^ or upujards^ The idea, therefore, that 
vapour cannot exifl m the open atinofphere 
under the temperature of zia", unkfs c)))mi- 
cally combined therewith, 1 confide 1 as cnonc* 
ous , It has. taken its rift fioin a fuppofition that 
*ir preiTing upon vapour condenlcs. the vapour 
equally with vapour pt effing upon vapour, a fup» 
pofnion we have no right to aflumc, and which 
I apprehend will plainly appear to be contiadic- 
toiy to reafon, and unwarranted by fads, for, 
when a particle of vapour cxifls between two 
particles of air, let their equal and oppofite pitf. 
fures upon it be what tluy may, thty cannot 
bring it nearer to another paaick oi vapour, 
without which no condcnlation can take jilacc, 
all other circumflanccs being ihe fame ; and ii has 
never been proved that the vapour in a riccivcr 
from which the an has been txhiuiffcd is pie- 
cipitatcd upon the admilhun of ptikaK dn air. 
Hence, then, we ought to tomkuk, t>l! ihc\on- 
I) d trary 

* Dr. Piiefhy obfcrvcfl in the fifth volmnc of In IC jHii- 
nient&, page ajj, that quickfilvei cv.iporaie* nut only rn vam 
but wbeii expufed to the atm'ifphtre. 
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trary can be proved, that the condcnfation of 
pour expofed to the common air, does not in any 
manner depend upon the ptcjfutc of the atr. 

All the fads, howevei, coiifpire to prove that 
the temperature ot the an bcais a lekition to the 
condeniation of vapour, thus, the utmoll force: 
which -vapom of 212° can exert, is equivalent 
to the weight of 30 inches 01 mercury, and any 
greatei force than tins, afting upon vapout alone 
of that temperature, will condenfe the whole into 
watpr , and, if the temperatuie be Ids, then the 
utmoft force or fpung of vapour is iefs, as is in- 
dicated by the table m page 134 ; and no doubt 
as the utmoll force decreales, the utmoll: denfity 
will decreafe alfo, though probably not in the fame 
ratio. Hence, then, atniofpheric air, faturated. 
v'lth vapour, is fuch wherein the vapour, confi,- 
dered abllradedlj fiotn the air in wlticii it is 
diffufed, is at its utmoft denfity for the tempera- 
ture ; in fuch cafe, if a quantity of atniofpheric 
air and vapour be taken, and mechanically con- 
denfed, a portion of the vapour will be condenfedl 
into water, and give off heat; on the contrary 
if It be expanded, or, which amounts to the 
fame thing, tf a quantity be taken out of a re- 
ceiver, the leraainder will have its capacity foir 
vapour mcreafed, as has been already obferved. 

Though the preffure of the air does not pro— ' 
mote the condenfalioxi of vapour, yet when thee 
preffure is removed, evaporation is promoted. ^ 
for under the receiver of an, air-pump we finti 

tkalt 
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that the vapom fiom tlie wet Uathcr xifes as faft 
as It can be pumped out, when the rarcfacdion 
has proceeded to a certain device. 

In order the more to illullrate and ronfum 
the notion ot vapour here laid down, vc H all 
now attempt to explain icvtial iaels, nli'th luve 
been confideiad as involving dilhcultn-s, ami \vc 
believe fome of them have never been accounted 
for by others. 

Dr. Alexander^ in his Expermeyital E/Joys, 
page 102, informs us, that {loin fome cxpi.ri* 
ments he was induced to think, that blowing 
upon the bujb of a thermometer with a pan of 
hand-bel!o*s would cool it, but oi/on 'ti, 1 Im s d 
it was always heated i or more de^ieis the 
opeiation. — Now, if a theimomctei that iias ’,uft 
been dipped m water of the fame temp' laiun* as 
the air, be blown with a pair of hand-bellows as 
above, it will be cooled kvrral th grecs. Ihcfe 
two faifli I have proved frequently, horn (xpe- 
menc. — Again, Dr. Dntwiu (fee the note, ]<Jgc 
136) found that air having hem lot fome time 
condtnfed, upon ruflimg out aganifi tiic bulb of 
a thermometer, cooled it feve-al ie^ ucs, and a 
dew was depofited upon the bulb. 

The reafon of thefc apparently diftordant fafts 
may be explained thus • the condenla* urn ol va- 
pour in a pair of hand>bellows w'lll pKcipitato a 
portion of the tnfuled vapour, which guns oil its 
keat to the air j and thus the temperatuic ul the 
D d 4 . air 
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air in the bellows being increafed, that of the 
thermometer, expofed to the current, will be 
increafed accordingly. In the fecond inllance, 
the water on the bulb of the thermometer being 
expofed to the current of air, quickly evapo-i 
rates, and at the fame time abforbs the neceffary 
heat from the quickfilver. But in the third in- 
ftance the heat confequent to the c6nd<nfation 
was fulFered to efcape, whilfl. the condenfed va- 
pour or water remained in the air-gun; the air 
rufliing out was therefore of the fame tempera- 
ture as the furrounding air, and probably a great 
portion of the condenfed vapour remained me- 
chanically mixed therewith ; a depofition of wa- 
ter upon the bulb of the thermometer was of 
courfe unavoidable, and this being refolved into 
vapour by its expofition, reduced the temperature 
of the thermometer. 

In the Philofophical TranfaQ:ions for 1777, 
there is a very interelling ftries of experiments 
fliewing the effeds of vapour in the receiver of 
an air-pump, when the air is exliauiled ; the 
experiments w’ere made by Edward NairnSf 
F. R. S. upon a pump on Mr. Smeatord^ con~ 
ftruction. He ufed two gages, one of which 
was the common barometer gage, which was of 
courle an accurate radafure of the force or ela- 
fticity of the medium of air or vapour within the 
receiver; the other, called th.t psar gags, from 
its fnape, confided of a glafs tube, capacious in 
the middle, and ending in a narrow neck, which 

■' was 
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was clofe ; the other, or open end, was, by a 
contrivance for the purpofe, let into a baibn of 
mercury before the air from without was fuffered 
to enter, and upon its admiffion. the quickfilver 
was forced into the gage ; the fpace occupied by 
the air being then compared with the whole ca- 
pacicv of the gage, gave the rarefafiion of the 
permanent elaftic fluid or air. — The chief fads 
obferved were the following, 

1. When the pump-place leather was foaked 
in water, and the barrel of the pump well cleared 
of moifture, then, after working the pump for 
10 minutes, the rarefadion indicated by the 
pear gage was very .great, and exceeded what 
was obferved in any other circumftance, whilft 
that indicated by the barometer gage was often 
not -sOTth part as great as the other ; alfo, it was 
obferved that the rarefadion by the pear gage 
was kfs every time the experiment was repeated, 
but that of the barometer gage was always the 
/a?ne at the fame time. 

2. When the pump-plate leather was foaked: 
in water mixed with fpirit of wine, the rarefac- 
tion by both gages was lefs than in the former 
cafe; but the refults in other refpeds were fimilar. 

3;^ The efFeds of different temperatures of the 
air upon the rarefadion were as follow : 

Pump-plate leather being foahd in water* 

Air in the room 46® — ^barometer gage 84 — pear gage 20COO* 

' :':r' ■ " ' J i i ip um ii ' i I i S. . —- *:'' 1:6000'* 
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Pump-pl^ hckgjoahd in nvater minced •wkhffrlt r>f-wk,.. 

A.V ;n the room 46°^arometcr gage 76-pear gage 8000. 

49 : _ i200. 

A When the leathers of the fijion were foalced. 
in water, the two gages nearly correfponded j 
but the utmoft rarefadion in this cucumftance 

very fmall, being, for inRance, 

In one pump — barometer gage 37 — —pear gage 38. 

In another pump — - ‘ 34 ~ 37 - 

e. When the pump, &c. were dry, the baro- 
meter gage was fometimes lower after working 
the pump 5 minutes, than after the operation 
was continued 5 minutes longer. 

6. When the pump and plate were both dry, 
and the receiver cemented on to the pump-plate, 
the two gages nearly agreed, the rarefaftion by 
both being about 600, in da 7 rtp weather ; but in 
dry weather, and in a ftil! greater degree when 
a quantity of vitriolic acid was in the receiver, 
(which was always found to gain weight by fuch 
its expofure) the barometer gage indicated a 
greater rarefoaion than the pear gage. 

Thefe fads, fome of which the ingenious artift 
who made the experiments accounted - for, lee in 
moft or all of them capable of a fatisfaaory ex- 
planation upon the theory of vapour we are here 

maintaining.— When the pump-plate leather is 

fpaked in any liquid, and the pr.effure is fo far 
diminiflied that the liquid boils, or turns into 
vapour, it is plain the preffure can be no further 

diminiflied y 
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^isninifeed ; and in fuch cafe, when the pump i» 
wrought, it muft dra\v each time ' portion of 
the remaining air along with the vapour, and 
thus the air in the receiver admits of a diminu^ 
tion almoft ad infinitum, and vapour generated 
inttantatieoufly fupplies the place of the air with- 
drawn ; when air is let in, the vapour in the pear 
gage is condenfed, and there remains nothing but 
the fmall portion of air, with its faturating portioa 
of vapour, at the top of the gage. — The reafon 
why the repetition of the experiment decreafed 
the rarefaftion by the pear gage, was, that the 
frequent condenfations of air and vapour in the 
barrel of the pump muft have produced a depo- 
iition of water there, by which the effe£k was 
fooner at its ne plus ultra; for, when the vacuum 
of the barrel is not perffeQ:, the quantity drawn 
from the receiver in a given time muft be lefs 
than otherwife. I have no doubt if the experi- 
ments had been repeated often enough, the lea- 
ther of the pifton and the valves would have been 
in effeft foaked with water, and the refult as 
ftated in the 4th fa£l: : in this cafe, as foon as the 
fpring of the air in the receiver is weakened to a 
certain degree, working the pump does not avail, 
becaufe the vapour in the barrel, together with 
the refiftance of the valves, is juft fufScient to 
counteract the fpring of the air virithin j hence 
the rarefaction by the pear gage is then fcarcely 
greater than by the barometer gage. 

Experience proves that fpirit of wine rifes 
fponer into vapour than water j confequently the 

rarefaction 
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rarefadiioB by the pear gage, when the pumi* is 
wrought 2 - ^7 ven time, utuH be IcTs tlian \v!i' r. 
water is ufeci- Aifo, it follows a priori, that tl is 
eooler the circumambient air, other circuai- 
flancer being the lame, the greater mull the 
rarefadion be by both gages. 

When by long pumping a quantity of vapour 
is coilefted in the barrel of the pump, I con- 
ceive a portion of it may, during the operation, 
ifeape again into the receiver, this will account 
fcr the 5 th fafl- 

I do not fee how the 6 th faft can be explained 
without fuppo ling that the elatticity of dry air, 
when greatly expanded, decreafes in a greater 
proportion than its deafity; it is true that the 
increafe of cold in the receiver, and the itfs va- 
pour there is in the air at firft, the more will the 
rarefaclion indicated by the barometer gage ex- 
ceed that of the pear gage; for, it cannot be 
reafonably fuppofed that when the rarefaflion is 
at ks utmo ft degree, the proportion ofyapour to 
air in the receiver is no greater than at fir 11 ; I 
conceive, therefore, that the air condenfed in the 
pear gage is always faturated with vapour, unlel* 
perhaps when the vitriolic acid is in the receiver, 
and of comrfe its bulk, c/ieteris paribus, greater 
than before : but this alone is not fufficient to 
account for the obferved differences of the gages. 


THE END. 




